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PREFACE 


HE author has received from time to time letters 
T from readers of his Romance of Modern Electricity 

and Electricity~of To-day, who have found those 
books of service to them as teachers; suggesting addi- 
tions to them to cover other details of interest to those 
who occupy themselves seriously with the subject. 

He has not hitherto seen his way to comply with these 
very courteous suggestions, his desire being to keep 
those books easily within the grasp of the general reader, 
But a request has recently reached him for a small book 
in simple non-technical language dealing with telegraphs 
and telephones, such as would be useful to those who 
are speciallf interested in those instruments. - In ‘the 
present volume the author has endeavoured to comply 
with this suggestion, and at the same time to give to the 
general reader a short and vivid account of those modern 
marvels, He has amplified in several directions’ what 
has already appearcd in those parts of the earlier volumes 
which relate to telegraphs and telephones, and has added 
a chapter on wireless telephony and a short discussion 
of the electron theory. He has included, by request, a 
chapter entitled “Concerning Lightning.” 


Preface 


The author is again indebted to Professor Magnus 
Maclean, D.sc., M.LC.E., M.LE.F., for very kindly reading 
the proof-sheets. Also to William Allan, 4.M.1.8.8. (Chief 
Electriciin to the National Telephone Company at 
Glasgow), for reading the chapters dealing with telephony, 
and to J. Erskine-Murray, D.sc., ¥.R.S.E., M.LE.R. (Con- 
sulting Electrician), for reading those parts dealing with 
wireless telegraphy and telephony. 


February, 1909. 


CONTENTS 





CHAPTRE 
1. Tue Startinc Point .- & 
I]. Rewarxs Concerninc THE ELECTRIC CURRENT 
TU, How Terscrarny came ABouT F ‘ 


IV. More apoutT TELEGRAPHS 
V. How CABtecraMs ARE SENT 
VJ, SIGNALLING WITHOUT WIRES — - : ‘ 
VIL Repropcemsc Sounp AT A DisTAaNck 
VIE. Wirewt 
1X, How Inpucrion Coi.s Work 


TELEPHONY 





XN. ConcerninG LIGHTNING . : . 
XJ. Tue Meaninc or THE [ELECTRICAL Usiss 
X11. Waves iN tHe Eruer 


XH Waar is E:ecrricit 





Appenprx J.—A SHort Historical NoTE 
" U-—Tapprxc A TELEGRAPH CIRCUIT. 


INDEX 


143 
149 


LIST OF ILLUSTRATIONS AND DIAGRAMS 








LANDING THE SHORE END OF AN ATLANTIC CABLE. . Frontispiece 
4 PAGE 

A COIL OF WIRE CARRYING AN ELECFRIC CURRENT BEHAVES LIKE 
A MAGNET . : ‘ . = . ‘ 65 
WIRELESS TELEGRAPH STATION fe , : S "9 
\SHANGHAI TELEPHONE EXCHANGE. . ‘ F - 95 
FORK LIGHTNING F a 123 
FIG, 1, THE EARLIEST ELECTRIC BATTERY . 8 . » 19 
3) 2 VOLTA'S. BATTERY OF CELLS . : F F . 19 

1) 3. SHOWING A CELL CONNFC' A TELEGRAPH. INSTRU- 
MENT : . 5 . 7 7 . 41 
yy 4 SIGNALS FOR THE NEEDLE TELEGRAPH. . 42 
1) 5. THE MORSE CODE. j . . . + AT 
1, 6 HOW A TELEGRAPH IS WORKED WITH ONE WIRE .« s-- O57: 
») 7. WRITING OF THE SIPHON-RECORDER : . . 68 
>, 8 THE. PRINCIPLE OF WIRELESS TELEGRAPHY. . » 497 
sy 9. THE PRINCIPLE OF THE TELEPHONE : . ‘ gt 
3, 10, THE PRINCIPLE OF INDUCTION COILS id 113 








By permission of) [The Commercial Cable Co. 


LANDING ‘THE SHORE END OF AN ATLANTIC CABLE 


‘ 


— $ 


HOW TELEGRAPHS . 
AND TELEPHONES WORK 


CHAPTER I 


THE STARTING POINT 


The first electrical experiment ever made—A long pause—The real beginning 
—The name ‘electricity’ —Conductors and insulators—The origin of 
electrical machines—Discussion by two Italan professors leads to the 
invention of the battery—The electric current—Discovery of magnetism 
—The relationship of magnetism to electricity -The origin of the dynamo 
—Something about magnetism— Meaning of complete electric circuit. 


HERE? is no subject connected with the material 
world which appears to us more mysterious than 
electricity. As a matter of fact gravitation is just: 

as mysterious, but we have grown up with the phenomena 
of gravitation constantly in evidence around us, so that 
there is no apparent mystery until we seek to inquire 
into the nature of this force by which one lump of matter 
attracts another, 

Then, again, we feel as if there was not the same 
mystery about the phenomena of light, but this is only 
because we have, in the eye, a sense-organ which is 
directly affected by light waves, whereas we have no 
sense-organ to respond directly to electric waves. Never- 
theless, we shall see later that these two kinds of waves, 
or disturbances in the all-pervading ether of space, are 
in reality of exactly the same nature. 
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In order to try and dispel, as far as it is. possible, the 
mystery surrounding our subject it will be well to con- 
sider; how we came to know anything about electricity. 
Without entering into much detail, it will be sufficient 
to note *that at some far distant date, long. before the 
.dawn of the Christian cra, some person observed the 
very simple fact that when a picce of amber was rubbed 
it would attract little pieces of straw or other light objects 
towards it. The ancient philosophers solved the problem 
in a very simple manner by declaring that friction gave 
the amber heat and life. Their idea was, evidently, that 
when they imparted life to the amber by rubbing it, it 
was able to draw any light object towards itself. The 
strange thing is that one gencration after another were 
‘content cither to ignore the existence of the phenomenon 
or to accept the foregoing picturesque solution of the 
problem, Century after century went past, and amber 
still got the credit for being different from other forms of* 
matter in being able to attract other bodies towards it. 
Had people taken the trouble to rub any piece of ordinary 
glass, sulphur, or resin, they would have discovered that 
this phenomenon was quite a common property of matter. 
No one seems to have made such inquiries until the be- 
ginning of the seventeenth century, when one of Queen 
Elizabeth’s physicians, Dr. William Gilbert, made a 
series of most valnable experiments. He discovered that 
any substance when rubbed would exhibit this attractive 
property in some measure. He could offer no suggestion 
as to what took place within the substance, but he very 
wisely coined a name by which we should distinguish 
this mysterians agent. Although Gilbert had proved 
that the phehomenon “was common to ail substances, 
he called it after amber, as that was the one substance 
with which this attractive property had been associated 
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for so many centuries. The Greek word for amber being 
elekiron, Gilbert christened the subtle agent with the 
name of electricity, and when a body was excited, or 
tubbed, and exhibited this attractive property, it was 
said to be electrified. 
At first it was thought that the metals could not be 
electrified, as all attempts to excite them by rubbing 
produced no signs of attraction. It seems to have 
occurred to sume one that possibly the tubbing did 
produce clectricity and that it escaped by the experi- 
menter’s hand to the earth as quickly as it was produced. 
We find that the early experimentets affixed glass handles 
to metal rods, and by means of these they were able to 
sbow that metals could be electrified just as other sub- 
stances were. As long as the experimenter did not touch 
“the metal, but held it by the glass handle, the electricity 
could not escape. Here was direct evidence that electri- 
city could travel through some substances, while its way 
of escape scemed to be cut off completely by other 
substances. And so we speak to-day of conductors and 
non-conductors, or insulators of electricity, 
The terms conductor and non-condyctor are merely 
relative. We might say that all bodies will conduct 
electricity, provided the current has sufficient pressure 
to overcome the resistance offered to its passage, but a 
very bad conductor might be damaged or destroyed by a 
high-pressure current. The difference between the con- 
ducting properties of some materials is as great as is a 
drop of water to.a mighty ocean; or perhaps a better 
analogy would be to say that while a pipe or tube will 
conduct water, a solid log of wood will also do so, but in 
«a very different degree. The metals are very good. con- 
ductors of electricity, silver and copper being the best ; 
and being very nearly equally good, copper is, of course, 
tS 
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preferred for economy, and it is this property of copper 
which has so increased the demand for the metal during 
the last half-century. Glass, porcelain, slate, marble, 
india-rubber, cotton, and silk, are all such poor conduc- 
tors that* they have been termed non-conductors or 
insulators. Between the metals and these come some, 
materials which are neither good conductors nor good 
insulators; and it must be borne in mind that these 
terms are merely comparative, for a substance might 
be a conductor for one purpose and an insulator for 
* another. 

It was an easy matter to discover by experiment what 
substances, when rubbed together, produced the best 
results, but to be constantly rubbing picces of glass with 
silk cloth, or picces of sulphur or resin with woollen cloth, 
meant the expenditure of a good deal of personal energy. 
In order to electrify bodies more casily men made simple 
machines, in which a glass cylinder or plate was revolved 
by a handle and caused to rub against leather cushions. 
Most of us have at least a nodding acquaintance with 
such electrical machines. In the modern type of these 

there is no real friction, but two glass or vulcanite plates, 
each carrying a series of small slips of thin metal foil upon 
them, are made to revolve close to each other in opposite 
directions, so that an electric charge is tuduced on the 
plates and suitably collected by neighbouring pieces of 
metal which are insulated. Within recent years some 
electrical machines have been made in which plain 
vulcanite plates, without any metal foil, have been used. 
When these are driven at a high speed, by means of a motor, 
they give very good results. Our present interest in these 
carly electrical machines lies in the fact that they led up - 
to later discoveries which have brought electricity into 
our every-day life. 


‘ad 
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It was when experimenting with.one 6f these machines, 
about the close of the eighteenth century, that Professor 
Galvani, of Bologna, observed that the legs of a freshly 
killed frog were convulsed by an electric discharge.’ It 
seems to have occurred to Galvani to try if a Nghtning 
discharge would have the same result, and he was about 
to suspend the frog’s legs by a copper skewer to the iron - 
railing on the balcony of his house, when he observed 
the twitching to take place as soon. as he placed the 
copper skewer in contact with the iron railing. Galvani 
jumped to the conclusion that the animal tissue con- 
tained electricity, that the brain secreted it, and that 
it was communicated to the body by the nerves, while the 
muscles acted as reservoirs. ‘ 

Another Italian professor, Alessandro Volta, of Pavia, 
repeated Galvani's experiments; but he declared that 
the electricity did not reside in the animal tissue, but 
was produced by the contact of the two pieces of dis- 
similar metals—the copper skewer and the iron railing. 
A very profitable discussion took place between these 
two celebrated philosophers, bnt Volta was soon able 
to prove his contention to be correct. He made up a 
pile of discs of copper and zinc, placing between each 
pair a picce of cloth moistened with acidulated water 
(a few drops of sulphuric acid in water). After building 
-up a pile with a number of pairs or couples arranged 
as described, Volta connected a wire to the zinc disc 

- at the top of the pile, and another wire to the copper 
disc at the bottom ; and when he brought the free ends 
of the two wires together, he was able to show an electric 

_ Spark on again separating the wires. This amply proved 
Volta’s point that the electricity was not in the frog’s 

' tissue. (See Fig. 1.) 

The pieces of moistened cloth in Volta’s pile soon 
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dried up, thus interfering with its action, and -this led 
Volta to immerse each pair of copper and zine pieces 
in a.separate vessel filled with acidulated water. This 
new arrangement greatly enhanced the éffect. A number 
of such*chemical cells connected together was called a 
battery, signifymg a battery of cells, but nowadays one 
often hears a single cell erroncously called a battery. 
Our present batteries are all mercly modifications of 
Volta’s early chemical cell. (See Fig. 2.) 

There was such a marked difference in the behaviour 
of the electricity produced by these voltaic cells and 
that obtained from the frictional machines, that their 
identity was doubted for more than a generation, so 
that the one was designated “ frictional” and the other 
“ voltaic "’ electricity. 

When a body was electrified by one of these frictional 
machines, the charge dissipated with lightning sudden- 
ness the instant a way of escape to earth was provided, 
On the other hand, the clectrical effect produced by the 
chemical battery was so very different, continuing to 
flow quietly along a connecting wire, that it was pictur- 
esquely named “‘ the electric current,” which term has 
become a household word with us. 

Turning for a moment to consider how magnctism 
became known, we find it a long look back in the world’s 
history to the discovery of a peculiar stone, or iron ore, 
which it was observed would attract small pieces of 
iron to it, and would pass on its attractive power to 
pieces of iron without any appreciable loss to itself. It 
was further observed that when an oblong piece of this 
stone was freely suspended, it would always come to rest 
in a definite position, one end pointing in the direction 
of the north pole of the earth, and the other, of course, 
pointing southward. The utility of this directive property 
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was very catly recognised, and made use of by travellers 
when crossing the deserts, the stone receiving the name 
of leading-stone or lodestone. 

Stecl magnets were well known at the time of Volta’s 
discovery of the electric current, but years elapsed before 
it was observed that an intimate connection existed be- 
tween magnetism and electricity. This discovery has been 
of immense value to us, for when a Danish professor, 
early in the nineteenth century, observed that a small 
magnet or compass necdle was affected by an electric 
current passing in a neighbouring wire, he: discovered 
the fundamental principle upon which nearly all modern 
‘applications of electricity have been built up. What 
Oersted, the Danish philosopher, did find was simply 
that, if a wire was stretched over or under a magnetic 
needle, the magnet would turn round and take up a 
position at right angles to the wire. The-effect was 
enhanced if, instead of using a single wire, a long wire 
was coiled up, so that the current would pass round and 
round in the neighbourhood of the magnet. The move- 
ment of the magnet produced in this way has given us 
telegraphs, electric bells, etc., and it is this very turning 
power which drives our electric railway trains and tram- 
way cars. (See illustration on p. 65.) : 

About a dozen years later it was discovered by our 
illustrious Faraday, while experimenting in the Royal 
Institution (London), that the converse of this action 
between an electric current and a magnet was also truc, 
for he found that if a coil of wire was quickly moved 
in the neighbourhood of a magnet, an clectric current 
was generated in the moving coil. Here indeed was a 
crowning discovery, for it gave us the principle of the 
dynamo, the advent of which has made it possible to * 
produce electric currents on a large scale at a small cost. 
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We have now seen the very simple experiment with 
rubbed amber lead up to the construction of “ frictional 
machines.” Then it was observed that these machines 
produced a certain twitching effect in a frog’s legs, 
and that the same movement resulted if tley were 
touched by two pieccs of dissimilar metals in contact 
with each other. From this simple discovery the “ bat- 
tery” was evolved. Then, commencing with the lode- 
stone or natural magnet, found in many parts of the 
earth, we find the intimate connection between clectri- 
city and magnetism experimentally discovered, and 
we are now in a position to follow the great modern 
development of these simple but all-important discover- 
ies in the telegraphs and the telephones of the present 
day, 

Before turning our attention to these it will be well to 
make one or two properties of magnetism and clectricity 
quite clear. 

If we take a straight bar of steel which has been 
magnetised, we find one of its ends or “ poles” marked 
with the letter N, signifying that the magnet would 
turn this end towards the north pole of the earth, when 
freely suspended or supported so that it could revolve 
upon its centre. Secing that one end invariably turns 
northwards and the other southwards, it is only logical 
to suppose that there must be some difference between 
the two ends. We find by simple experiment that cach 
end attracts iron equally well, so that there is no differ- 
ence in their attractive powers, but if we take two 
straight bar magnets we find a very interesting phe- 
nomenon. Each has one end marked N, signifying the 
notth-seeking pole, but more shortly called the north 
pole of the magnet, the other end being called the south 
pole. On bringing the north pole of the one magnet 
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towards the south pole of the other, we find a powerful 
attraction, but if we bring one north pole towards the 
other north pole, we find no attraction whatever, and on 
trying the two south poles together, we find they also 
will have nothing to do with each other. We shall 
see this better still if, for one of the magnets, we use 
a large compass needle delicately balanced on a pivot” 
at its centre. We now bring the north pole of a bar 
magnet near the north pole of the compass needle, 
and we find not only no attraction but a very decided 
repulsion, for the latter turns away its north pole, and 
if we follow up its retreat with the bar magnet, the 
compass necdle will always keep at a respectful distance, 
The moment we turn the south pole of the bar magnet 
towards it, it is forcibly attracted. In this simple way 
we can demonstrate the very important fact that, while 
either pole of a magnet is equally attractive to iron or 
steel, the two magnets behave very differently towards 
one another. A north pole and a south pole will always 
attract each other, but the north poles repel one another, 
as also do the south poles. 

We have already seen that when an electric current 
passes along a wire there is an effect produced quite 
outside of the wire, for a magnet placed in its neigh- 
pourhood will turn round at right angles to the wire. 
Has the electric current, then, some magnetic force ? 
Certainly it has, and we can very easily demonstrate 
this by a simple experiment. In order to get as big 
an: effect as possible, we shall coil the wire up into a 
small circle or rectangle, and as we wish the current to go 
round the whole length of the coil, we must take a wire 
with some insulating covering, to prevent the current 
taking a short cut across from the leading-in to the 
Jeading-out end of the coil, without troubling to pass 
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i 
through the length of the wire. .We make the coil as 
light as possible, by using a very fine copper'wite covered 
with silk yarn wound round and round the wire.. We 
then suspend the coil, so that it may be freely moved 
to and fro, and having connected the ends of the coil 
to a battery, we send an electric current through the 
coil. We then bring the north pole of a bar magnet 
near the face of the coil,‘and we find that the coil is 
attracted, just as though it were a steel magnet. We 
then present the same pole of the magnet to the other 
face, or back of the coil, and we find it is repelled, so 
that there is not the slightest doubt that this coil of copper 
wire, with an electric current, is like a magnet, having 
one face a north pole, and the other a south pole. This 
is of immense practical value to us, for here we have a 
magnet completely under our control. The moment 
we send a current through the coil it becomes a magnet, 
but immediately we stop the current, the magnetism . 
disappears. We further find that we can make the 
. poles change places at will, for if we send the current 
‘ in at one end of the coil, the north pole appears at-the 
front face of ‘the coil, but if we reverse our connections 
to the battery, and send the current through in the 
\ opposite direction, we find the south pole at the front 
face and the north now at the back. We have therefore 
a magnet which we can make powcrful or weak according 
to the amount of curront we send through the coil, and 
we can also change the position of its two poles at will. 

If we place a rod of soft iron in the coil, so that it 
forms a core to the surrounding coil, which does not 
necessarily touch it, we find that we havé a much more 
powerful attraction, as though the iron had concen- 
trated all the attractive power which surrounds the wire. 
The iron will now lift a considerable weight, but the 
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moment the current ceases in the surrounding coil, the 
iron Iets go its burden. A coil of wire with a soft iron 
core -is called an electro-magnet, and is under complete 
control. If we wind a length.of insulated wire around 
a kitchen poker and attach the ends of the wire to a 
battery, the poker will immediately become a magnet. 
If we use a bar of hard steel in place of iron, we shall find 
it more difficult to magnctise, but when once magnetised 
it will remain so, after the controlling current has been 
withdrawn, While artificial magnets were originally 
made by stroking the metal with a piece of lodestone, 
they are now manufactured just in the way we magne- 
tised the poker, and if made of steel so that they retain 
the magnetism, they are called permanent magnets, in 
contradistinction to the electro-magnets which are 
temporary. : : 

The meaning of an electric circuit is to many persons 
a mystery, and even to connect up a bell, battery, and 
push seems to be, to some people, a difficult operation. 
There is no reason why this should be so, for all we have 
to do is to provide a path for the current through each 
piece of apparatus. I remember that as a boy I formed 
the habit of always picturing electricity as a very “‘ fly” 
- customer, for it would keep its cyes open for every short 
cut, and it would never go a roundabout way, unless it 
was left no option in the matter. To take the case of a 
bell, battery, and push. Suppose the battery to consist 
of a cylinder of carbon and a rod of zinc, and we connect 
these two elements by a wire. When the carbon and 
zinc elements are immersed in a jar containing a solu- 
tion of sal-ammoniac, a current of electricity will flow 
along the wire from the carbon to the zinc, and on reach- 
ing the zinc, we may imagine it passing through the 
liquid to the carbon, and again along the connecting 
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wire, and so on; the battery being somewhat analogous 
toa pump. We cut the wire and connect the two ends 
to the bell terminals, so that the current must now pass 
round an electro-magnet in the bell. . The bell would 
now ring, and continue ringing as long as it is thus con- 
nected, but if we cut the connecting wire at any place, 
--the bell immediately stops ringing, as the current has no 
path left. We now connect the broken ends to the 

“‘push,’’ which, in its normal position, still gives the 

current no path, but which, when pressed, makes a 

metallic contact between the ends of the wires, pictur- 

esquely acting just as a drawbridge. As long as the 

circuit is kept closed by -pressing the push, the current 

gets through to the bell, but as soon a& the push is released 
the circuit is again broken. It is therefore clear that 
we always require a complete Circuit for a current of 
electricity. Perhaps the clearest view is got by picturing 
the current trying to get across from the top of the 
carbon to the top of the zinc’in the cell, and in allowing 
it to do so we may provide quite a long path, forcing it 
to pass through our apparatus on its way. 

The important points which we must particularly 
bear in mind, are those relating to the intimate connec- 
tion between electricity and magnetism, for in the 
following chapters we shall see that telegraphs and 
telephones are dependent entirely upon this relationship. 


CHAPTER II 


REMARKS CONCERNING THE 
ELECTRIC CURRENT 


e@ Methods of preventing the escape of the current—The electric pressure of 
the current—A simple analogy: -[ow, we increase the electric pressure— 
Whencetave get electrical energy—Dry cells—Accumulators~Can we 
store electricity ?—The origin of the Leyden jar—Electric pressure of an 
accumulator—-Praducing electric currents by mechanical motion—Michael 
Faraday’s historic discovery--The dynamo, 





OR the present we shall-not trouble about the 

nature of the electric current; we shall consider 

it merely as a convenient term for describing 
something which apparently travels along the wires 
connected to a battery or dynamo. 

From what we have seen in the preceding chapter 
it is obvious that we must always insulate the conduct- 
ing wires if we wish to prevent the electric current 
escaping to carth, There are two ways of doing this. 
We may suspend the wire in the air, by means of poles 
carrying picces of porcelain, to which the wires .are 
fastened. As porcelain is a non-conductor the electric 
current cannot escape. The second method is to cover 
the whole wire withsome insulating material. In this 
case the insulating cover is somewhat analogous to the 
metal of a waterpipe. If we are conducting water at a 
very low pressure, a pipe of thin material is sufficient, 
but if the water is at a great pressure we require to add 
very considerably to the strength of the pipe. In similar 
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manner we find that a simple covering of cotton or 
silk thread gives sufficient insulation for an electric 
current of very low pressure, such as is obtained from a 
common chemical battery. But when we come to ‘use 
currents at high clectric pressure we have to provide a 
much more substantial insulation, in which india-rubber 
usually plays an important part. If a wire is sufficiently 
insulated it may be laid upon the earth, or buried beneath 
the ground, 

Consider the term electric pressure, and the meaning 
of the word volt. If we have water flowing through a 
pipe we may measure the pressure exerted by the water, 
and this we state as being so many pounds to the square 
inch. When we have electricity flowing along a wire we 
May measure the electrical pressure, but we cannot 
State this in any ordinary measures, and so we coin 
a word to represent a unit of electric pressure, The ° 
British Association, who arranged this unit for us, 
named it after the illustrious Italian, Professor Volta, 
who discovered the means of producing electricity by 
chemical process. The volt is a definite multiple of 
the absolute unit of pressure, which was scientifically 
determined, but the reader may form an_ idea of its 
value from the fact that the electric pressure at which 
any primary cell delivers its current is always between 
one and one and a half volts. The layman cannot hope 
to form any very definite conception of the values of 
electrical units if he never has occasion to use them. 
He would have no very definite idea of the value of a 
pound weight or a yard length unless he had some 
practice in the use of these. 

The electrician docs not often use the term electric 
pressure; hic prefers to speak of it as electromotive 
force, and to save time writes it down E.M.F. He 
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says that this electromotive force is due to a difference 
of electric condition or “ potential” between the ends 
of the conductor in which the current is flowing, just 
as one might say that the pressure of water in a river | 
is due to the difference of level of the two ends of the 
river. We therefore say that there is a certain difference 
of potential between the terminals of a battery or a 
dynamo. As to the nature of this difference of potential 
we have no idea. In the case of a river perhaps we are 
prone to imagine that we understand more than we 
really do We certainly know that the pressure is due 
to the difference of level and we say that the water falls 
by gravity, but we have no idea as to the nature of this 
force. By experiment we find that the potential or 
pressure of the current from a single chemical cell or 
“battery ’ is never more than from one to two volts. 
It varies according to the materials used in the construc- 
tion of-the cell. We may make the cell as large as we 
like, and therefore obtain a greater current,- but we 
can never increase its pressure or electromotive force. 
A barrel of water twenty feet above sea-level is at the 
same pressure as a lake at the same level. While we 
cannot increase the electric pressure by enlarging the cell, 
we may add the pressure of a number of cells together by 
connecting the carbon of one cell to the zinc of the next 
cell and so on. In this way we may form a battery of 
any desired voltage by increasing the number. of cells. 
If, instead of connecting the cells in “series? as de- 
scribed, we were to connect all the carbons of the cells 
together and all the zincs together, that is to say, carbon 
to carbon and zinc to zinc, we should not have increased 
the pressure, for the result would be just the same as 
though we had made one large cell. If we had a number. 
of barrels of water and we placed them all at the same 
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level, say two feet above the -ground, we should find 
on connecting them together by pipes that the pressure 
remained the same as we might get from one -single 
barrel, but if we placed each barrel two fect. above its 
neighbour, then we should increase the pressure in pro- 
portion to the number of barrels connected together. 
This somewhat crude analogy. may serve to clear up a 
point which I have found to be a stumbling-block to 
many. : 

For almost all practical purposes we connect the cells 
“in series’’ to get the increased pressure required to 
overcome the resistance offered by the apparatus through 
which we wish to send the current. 

We cannot create energy; there is a definite amount 
of energy in the world just as truly as there is a definite _ 
amount of matter. We can only transform energy from . 
one form to another. - 
“It is apparent that in the battery it is chemical energy 
which is transformed into electrical energy; and if we 
continue this process until the chemical action ceases, 
the transformation will also stop, so that it is necessary 
in time to add new exciting chemicals. 

These batteries of cells are called primary batteries, as 
also are the “dry cells,” which are now so much in 
demand. The principle of these dry cells is just the same 
as in the simple cell already described, but the liquid is 
replaced by a moist paste for convenience of handling. 

This seems a convenient opportunity of mentioning 
“secondary ’’ batteries, more commonly called storage 
batteries or accumulators. A secondary cell may consist 
of two leaden plates perforated with holes which are filled 
in with red lead and immersed in dilute sulphuric acid, 
There is no chemical action between these two similar 
plates, so that wecannot call forth any electrical energy 
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as we do from a primary cell. If, however, a current of 
electricity from another source is passed through this 
secondary cell, the chemical condition of the plates is 
found to be entirely changed, and strange to‘say the 
change in each plate has been different. At the one 
plate peroxide of lead is formed, while at the other 
spongy lead is observed. It almost. seems like a fairy 
tale to learn that when these two plates are now con- 
nected to each other by a wire the electricity appears to 
return from one plate to the other in the opposite direc- 
tion to which it was passed through the cell, producing a 
steady electric current in the wire circuit. On further 
consideration it may seem less wonderful than the simple 
primary cell before described, for we have in this second- 
ary cell merely made, as it were, an artificial primary 
cell, : 
In charging the secondary cell or accumulator, we 
have transformed electrical energy into chemical energy, 
which latter is really what we have stored, and which, as 
soon as the plates are connected by a wire, is again trans- 
formed into electrical energy. This can hardly be called 
storing electricity. As soon as the plates have worked 
back to their normal condition they become inert, but 
hey may be recharged and so on. 

I think a good analogy may be found in the simple 
principle of the “old grandfather's clock.” When the 
clock is standing with its weights at the bottom and 
showing no signs of energy, it is analogous to the second- 
ary cell uncharged. The weights are then raised against 
the pull of gravity, and some physical energy is expended 
y the person thus winding up the clock. In the other 
picture this is equivalent to the charging of the cell, the 
electrical source disturbing the chemical conditions of 
he plates. Further, the clock weiglits, when released, in 





Remarks Concerning the Electric Current 


falling back to zero drive the clockwork, But as soon as 


they reach the bottom no energy js available ; analogous 
‘to this is the joining of the plates by a wire through 
which a‘current of electricity flows until the plates liave 


reached their normal condition, when no further available 
enetgy remains to be transformed. As.alrcady remarked, 
it is chemical energy that is stored in these accumulators, 


so that we can only speak of storing electricity indirectly. 


Can electricity be stored? This question naturally 
arose in the minds of even the earliest experimenters. 
These men were getting certain effects frem their ‘“ rub- 
bing ’ machines, and it was reasonable to suppose that if 
they could only store up a quantity of electricity they 
would get a greater-effect. It had been discovered that 
glass offered a very great resistance to the passage of 
electricity, So it was suggested to try and charge some 
water in a glass jar, and thus prevent the accumulated 
electricity from escaping. Several experimenters appear 
to have been at work in this direction at the oné time, ° 
and in the University of Leyden (Netherlands), while this 
experiment was being carried out, quite an alarming 
incident occurred, The water having been charged, the 
person holding the glass jar very naturally took hold of 
the metal which had been conveying ‘the charge to the 
water, in order to disconnect it from the machine, but 
whenevér he touched this he received a severe shock 
through the arms and breast. In this way it was dis- 
covered that if a conductor is charged inside a glass vessel, 
and baving another conductor outside, as soon as the 
conductors are connected together there is a sudden dis- 
charge of the accumulated electric strain. In the original 
experiment the water formed the inside conductor, while 
the experimenter holding the jar was the outside ‘con- 
ductor, but ‘‘ Leyden jars ” were constructed, using a tin- 
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foil coating both on the inside and the outside of the 
glass, carrying the foils about half-way up the jar. A 
metal connection on an upright red is placed inside, and it 
is then convenient to discharge the jar by a pair of dis- 
charging tongs, touching the outside tinfoil with one 
prong and bringing the other near to the metal upright, 
when a vivid spark is seen at this point. One may con- 
sider the charged Leyden jar as having been. a means of 
causing a strain in the ether, which, when released, 
suddenly springs back to normal. 

In speaking of the secondary battery or accumulator, 
_ we have not considered the electric pressure obtainable. 
It is the same humble story of two volts per cell, and an 
increased pressure is obtained, just as in the case of the 
primary battery, by connecting the plates of different 
electrical conditions together. These secondary batteries 
are not only of great use as reservoirs, tut they give a 
uniformly steady current, whereas the current obtainable 
from a primary battery diminishes rapidly, owing to 
hydrogen gas collecting on the carbon plates and inter- 
fering with the passage of the current. Primary batteries 
are all right for electric bells, telephones, etc., where there 
is not a continuous call upon their energy, but the accumu- 
lator is necessary where a constant current is desired. 

Although telegraphs and telephones depend upor 
chemical batteries for their electric current, it will be 
well to notice, at this point, the method of obtaining 
electric currents from mechanical motion. We shall finc 
this of usé in connection with the ABC dial form o! 
telegraph instrument, also in connection with the ringing 
up apparatus in telephones, and again in connecttor 
with the generating of clectric-currents for large in 
stallations of wireless telegraph instruments. 

Until the year 1831 we knew no other practical means 
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of generating an clectric current than by chemical 
batteries. It is true that Professor Seebeck, of Germany, 
had discovered before this date that an electric current 
could be generated by heating the junction of two dis- 
similar metals ; but this éermo-electric method was only 
of scientific interest as far as the. production of electric 
currents was concerned. I am considering an clectric 
_current as distinct from an electric charge such as pro- 
duced by the early frictional or statical machines. 

The mechanical method of producing electric cur- 
rents was arrived at in the following way: Our great 
British scientist, the late Michacl Faraday, found that 
if a loop of wire were moved up and down between 
the poles of a magnet there was a current of elec- 
tricity set up in the wire. Faraday pictured a mag- 
netic field between the poles of the magnet, and his 
imagination filied this space with “ lines of force,” and he 
said it was when the coil or loop of wire -passed through 
these imaginary lines that a current was originated. It 
was quite evident that it was only as long as he kept the 
coil moving up and down in the magnetic field that the 
current was present in the wire. 

The next step was to mount a coil of wire on a spindle 
and revolve it in the space between the poles of a magnet, 
and, as was anticipated, the effect was greatly enhanced, 
because the coil could be made to pass through the 
imaginary lines of force:much oftener. The little magneto- 
electric machines somctimcs used for medical purposes, 
but perhaps oftencr for amusement by dealing out 
electric shocks, are simply arrangements by which, 
when one turns a handle on the outside of the box, 
a coil is made to spin round in the neighbourhood of a 
magnet. 

It then occurred to people to make-such machines on a 
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very much larger scale, and to use steam-cngines to drive 
the coils round at a great speed. Such contrivances 
were called dynamo-cleetric machines, which name we 
have discarded, merely using the word “dynamo” 
(Gr. dynamis, force). : 

In the small experimental machines at first constructed 
ordinary steel magnets were used, but in order to get a 
stronger magnetic field these were soon replaced by 
electro-magnets. A dynamo now consists of a coil of 
coils of wire mounted on a shaft or spindle, this part 
being called the armature, and driven round at a high 
speed between the poles of an electro-magncet. 

Suitable means have been devised for conducting the 
electric current out from the revolving coil to the line 
wire. It may be led out either as a direct or continuous 
current, flowing steadily in one direction just as all 
battery currents flow, or it may be led out as an alternating 
current in which we picture the current surging rapidly 
to and fro, first in one direction and then in the other ; 
a.sort of vibratory current. We need not trouble with 
further details of dynamos for our present purpose. 


CHAPTER III 
HOW TELEGRAPHY CAME ABOUT 


An early attempt at telegraphy—An ingenious surgeon—Other historical 
attempis—The discovered relationship of electricity to magnetism brings 
a practical tclegraph—The needle telegraph—The telegraphic alphabet— 
The railway block system—The ABC dial telegraph, 


necessary to be able to signal to a distance, and so 

he adopted the method of lighting beacon fires 
upon the hill-tops, and these primitive signals could be 
passed on from one point to another. 

One of the earliest attempts at electric telegraphy was 
made about the middle of the eightcenth century. One 
would not expect to find any attempt at telegraphy 
in the days when man’s only knowledge of electricity 

; was its wild and sudden discharge from an electrical 

» machine, and yet there exist on record several very 

» interesting attempts in those days prior to Volta’s 

., taming of electricity into a peacefully tractable current, 
as we have it from batteries. ' 

It is evident. that some attempts to transmit intelli- 
gence by electricity were made as far back as the middle 
of the sixteenth century, although the records of these 

are somewhat vague, and appear to have been carried out 
i by some monks in a German monastery. 

In the Scots Magazine of February Ist, 1753, there 
¢ appeared a letter describing a practical electric telegraph 
k worked by a primitive electrical machine. The letter was 


Vin early in the world’s history man found it 
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merely signed “ C.-M.,” and was written from Renfrey 
a small town on the River Clyde, a few miles belo’ 
Glasgow. 

The one property of electricity with which this it 
genious writer would be most familiar was doubtless th 
attraction between an electrified body and any ligh 
object placed near it, and so it occurred to him that if h 
could charge a long connecting-wire between two place: 
then the distant end would attract a small piece of pape 
‘placed close to it. Having determined that this coul 
be done, he set up twenty-six sepatate wires, connectin, 
his dwelling to a distant cottage in the village. Th 
wires were supported on insulators at short distance 
apart, being fixed at each of the two distant ends i: 
a bar of solid glass, leaving about six inches of wir 
extending beyond the glass fixture. These six-inch end 
were stiffened, so that if depressed they would sprin 
back to their horizontal position. These free ends wer 
then placed immediately above the glass cylinder of a 
electrical machine, so that while the machine was “ ex 
cited” by rotating it, any of these twenty-six ends coul 
be pressed down to touch the cylinder, and thus th 
whole length of this particular wire would receive a charg 
of electricity. 

At a point close to where each wire entered the soli 
glass fixture the inventor suspended a short piece of wir 
with a metal ball at its extremity, there being, therefore 
twenty-six separate balls. Immediately under each ba 
he placed a small picce of paper bearing one letter of th 
alphabet upon it. This arrangement was, of course 
carried out at both ends of the line wire. To signal th 
letter A the operator, having set the electrical machin 
in motion, would take a piece of solid glass in his hanc 
and, depressing the end of the first wire till it touche 
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the cylinder, he would charge the whole of that wire so 
that the siispended metal ball at each end would attract 
its particular paper marked A. The person at the re- 
ceiving end would take note of A, while the operator 
would see by the attraction of A at his own end that the 
wire had been sufficiently charged. In the same way all 
the twenty-six letters of the alphabet could be signalled 
in any desired order, thus enabling intelligible messages 
tobesent. The inventor says that the letters “ were con- 
trived to fall back into their proper places,’ so he may 
possibly have had a smal glass division fer cach letter to 
rise and fall within. 

The inventor also suggested, among other arrange- 
ments, that each of the little metal balls might by attrac- 
tion be made to strike against a little gong, there being 
twenty-six gongs of different sounds, and the person 
using the apparatus would, as the inventor said, “ soon 
understand the language of the bells.” In this sugges- 
tion we have the first idea of a “sounder” telegraph, 
and it is by sound signals that most telegraph messages 
are now received. we 
he great difficulty in working any such apparatus as 
that just described would be to prevent the high tension 
charge from making a dash to carth through every pos- 
sible means of’ escape, and in this connection it will be 
of interest to note a few sentences from the inventor's 
letter. He writes: “Some may perhaps think that 
although the electric fire has not been observed to dimin- 
ish sensibly in its progress through any length of wire 
that has been tricd hitherto; yet, as that has never 
exceeded thirty or forty yards, it may be readily supposed 
that in a far greater length it would be remarkably 
diminished, and probably would be drained off in a few 
miles by the surrounding air. To prevent this objection, 
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and save further argument, lay over the wires from on 
end to the other with a thin coating of jeweller’s cement 
This may be done for a trifle additional expense, ‘anc 
as it is an electric fer se, will effectually secure any par 
of the fre from mixing with the atmosphere.” Here w 
have, at this early date, the idea of an insulated wire a’ 
used for almost all clectrical purposes at the present time 

It is interesting to note that the mental picture whicl 
this ingenious man formed of electricity was that of 
“fire,” which thought was very natural owing to th 
appearance of a spark at any point where the electricity 
suddenly escaped from one body to another. 

The late Sir David Brewster made particular search t: 
discover the history of this anonymous letter write 
“C, M.,” and his efforts met with a certain amount o 
success: He first of all found out that a very clever mar 
had lived in Paisley in r791 ; that he came from Renfrew 
which is only a few miles distant; and that it was re 
ported of this genius that he “ could light a house with 
coal reek. (smoke), and mak® lightning speak and write.’ 
At a later date Sir David Brewster found that this man’s 
name was Charles Morrison, who was @ native of Greenock 
but practised for some time as a surgeon in Renfrew 
and ultimately became connected with the tobaccc 
trade in Glasgow. Morrison was counted a wizard, anc 
his neighbours believed him to be in concert with the 
devil, because of the apparently supernatural powel 
he had of sending messages to a distant cottage. He 
ultimately went out to Virginia, U.S., where he died. 

Another early form of telegraph suggested was, tha‘ 
the sender and the receiver should cach have a goo¢ 
clock, with the letters of the alphabet painted round the 
dial, and the two clocks keeping accurate time, the 
“second ’’ hands would point to the same letter on eact 
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dial at the same moment. By a corinecting wire between 
the distant places a Leyden jar was made to spark at the 
moment the hand was opposite the letter that the sender 
wished to’ telegraph, the receiver also noting the létter 
indicated on his clock at the moment when the spark 
occurred. The first idea of this inventor had been the 
very primitive method of striking, with sofme object in his 
hand, upon the bottom of a copper stew pan at the mo- 


-ment bis clock was at the desired letter, but it is evident 


that this method of using sound could not have been 
extended to any great distance. His subsequent system 
of using the charged Leyden jar only required one wire, 
but the difficulty of keeping the charge to the wire 
would necessarily worry the inventor if he tried it over 
a distance. 

A very similar and better-known invention was Ronald’s 
Electric Telograph, in which the dials of the clocks moved 
round, bringing the letters of the alphabet painted upon 
them into view successively through an aperture in a 
covering case. When the desired letter appeared in- the 
slot a signal was sent by discharging a wire at the end of: 
which a pair of electrified pith balls, suspended by two 
reads, repelled cach ther until the discharge took place,’ 
whereupon they immediately came together by gravity. 
By this primitive method the words of the message were 
slowly built up. 

After Volta’s introduction of batteries the idea of 
electric telegraphy became more practicable. While 
these two last-mentioned experiments were carried out 
with only one connecting wire, yet it was a long time 
before inventors could dismiss from their minds the idea 
that a reliable telegraph would require a great number 
of connecting wires. Even one of the greatest French 
scientists, Ampére, suggested an instrument which re- 
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quired as many as thirty connecting wires, and under the 
end of cach there was to be placed-a small magnetic 
needle. 

A few years later a German professor proposed putting 
the thirty little magnets inside as many coils instead of 
merely under the single wires ; by this means the effect 
of the current on the magnet was greater. An instru- 
ment-of this kind was exhibited at the Royal Institution 
of London in 1830, in which: telegraph twenty-six 
wires, cuils, and’ magnets were used. It was several 
years before any one suggested that one wire with a 
single coil and magnet would serve the purposes of 
signalling. 7 

When one sees a magnet turning first to one side and 
then to the other, according to the direction in which an 
electric current is sent through a coil, it is a very natural 
step [rom that to the first practical electric telegraph 
instrument. It is apparent that if one person had the 
coil and magnet in his house and another had the battery 
at his home, while the wires still connected the battery to 
the coil the second person could cause the magnet beside 
the first to move to one side or the other at will, and by 
an agreed code intelligible signals could be transmitted. 

The needle telegraph is just tis coil and magnet and 
nothing more, except that it is put into a more convenient 
form. The magnet is fixed to a spindle passed through 
its centre, and is then mounted in a vertical position at 
the back of an upright board ;. the coil is then placed 
around it, leaving the needle free to fall to right and left. 
Then, so that the movements of the needle may be readily 
seen, an indicator or dummy needle is fixed on the other 
end of the spindle, which comes through to the front of 
the beard. This indicator or needle moves, of course, 
wong with the magnet at the back, and so the signals are 
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clearly read. An arrangement for reversing the current 
at will, in order to move the needle to one side or the other, 
is added, and this, may be operated by moving a handle 
from left to right, or by depressing one or other of two 
small levers or “ keys.” : 

It might be a matter of agreement to signal one move- 
ment of the needle for A, two for B, and so on; but the 
operator would very soon weary of this plan if he had 
many letters far on in the alphabet to count out, Imagine 
our written language being constructed thus: [ for A, 
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I] for B, EV] for C, and so on. It is much more con- 
venient to let two strokes leaning against each other with 
a third stroke crossing them stand for A, three strokes 
placed thus for N, thus for Z; and so in telegraphy it is 
agreed that if the needle is moyed once to the left and 
then once to the right (\/) this will signify A. It is quite 
remarkable that in order to construct the whole twenty- 
six letters of the alphabet by combinations of these 
two movements we never require to move the needle 
more than four times for any letter. It evidently did not 
occur to the experimenters at the outset that this could 
be done, as they made the carly instruments with five 
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needles in ordér to get a greater variety of signal, their 
idea being to make the needles point out the letters on a 


dial. 
3 SIGNALS FOR NEEDLE TELEGRAPH 


—— 
wy Vv WLLA Aw 
Aw A/ / 








A aS Ss 
4a a r 
wuirren rt SNM Loh 7 taprren toes t 
go As M tf Vi wl 
gs NAKA WM 
Fw o 47 X sal 
@ sh PS YAM 
Awe a thf Z sss 
Foss RA 
Fic. 4 


Referring to the accompanying alphabet, it will be seen 
that’ the letters So. in use get the advantage of 
the simplest signals. Once to the left stands for E ; ‘once 
to the right for T; and so on. It is nsual to print the 
left-hand strokes shorter than the right-hand ones, as 
shown ; but this is merely for convenience of space. 

Our own alphabet is of very simple construction ; give 
a boy four straight strips of cardboard, cach represent: 
ing_a stroke, and he can with these construct more thar 
half the alphabet, while a few semi-circular pieces addec 
will enable him to complete the whole twenty-six letters 

While Cooke and Wheatstone were the first (1837) t¢ 
set up a needle telegraph in this country, we canho 
claim the invention for them, as Professor Ampére, 0 
Paris, had suggested fifteen years earlier that a magne 
and coil placed at any distant point of a circuit would serv 
for the transmission of signals ; and other experimenter 
in Germany had actually carried this out with success. 

The needle instrument still holds an important ‘positio 
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in railway signalling ; it was in that department it first 
gained a business footing. A special needle-telegraph in- 
strument is also used in railway signal cabins for working 
the“ block system.” In this instrument it is arranged that 
the needle when deflected to the Icft or right remains in 
that position till released by the distant sending key. The 
needle can therefore take up three different positions, its 
upright or normal position, slanting to the left, and to the 
right. Three messages are permanently printed on the dial 
of the instrument, arranged so that when the needle is up- 
right it is pointing to the wards “ Line blocked,” to the 
left “ Train on line,’ and to the right “ Line clear.” 

The block system is very simple. Imagine a block 
or section of the railway track with a signal cabin at 
each end. These we shall call No. 1 and No, 2 cabins. 
When No. 1 desires to send on a train he asks No. 2. 
by means of another telegraph instrument if he may 
doso. Ifthe way is clear, No, 2 will set the block instru- 
ments to “ Line clear,” and at the same time he will 
lower his outdoor signals. The block instruments in 
his own and No, 1 cabin work in sympathy with cach 
other. As soon as No. 1 allows the train to enter the 
section le moves the block instrument to “ Train on 
line,” and this. signal remains permanent on both instru- 
ments till No. 2 has allowed the train to pass out of the 
section, when he moves the indicator to ‘‘ Line blocked,” 
and at the same time sects his outdoor semaphore to 
“Danger.” The advantage of the block system is that 
the information given by the one signalman to the other 
remains Visible.on the block instruments until such inform- 
ation has been acted upon. It relieves the signalman of 
the necessity of remembering the last information sent by 
his neighbour, but it does not relieve him of all responsible 
action. If the block instrument is pointing to “ Train on 
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line,” he is not prevented from sending on another train 
in error, but he has no excuse for such negligence. 

While the necdle telegraph has become practically 
vbsolete as far as ordinary telegraphy is concerned, 
we shalk sce in the succceding chapter that in a more 
sensitive form it has made ocean telegraphy a practical 
success. In this achievement it has scored over the 
Morse instrument, described in the next chapter. 

In addition to these outstanding telegraph instru- 
ments there were many others invented. We see one 
old-fashioned friend still surviving in some rural dis- 
tricts in the form of the ABC dial telegraph. In this 
instrument an indicator is moved round a circular dial 
in clock fashion, and is made to point at any desired 
letter of the alphabet, which is printed around the dial. 
There is no. battery required for these telegraph instru- 
ments, as cach is equipped with a small dynamo or 
magneto-electric machine. The operator depresses, 
on the sending dial, the key which is opposite the letter 
he desires to signal. He keeps turning the handle of his 
dynamo until the pointer on his dial reaches this particu- 
lar letter, At this point the current is cut off by the 
depressed key, even although he continues to drive the 
generator. Each complete revolution of the dynamo 
handle causes four distinct electric impulses to pass out 
along the wire, and each impulse arriving at the distant 
station moves the indicator of the recciving instrument 
one step forward. As the indicator can be moved. only 
in one direction it is a long journey from B to A, so that 
messages can be spelt out only very slowly. Many 
instruments of this type have been invented, and these 
would, no doubt, have been in very wide use to-day 
for private lines had the telephone not provided a much 
quicker and more convenient means of communication. 





CHAPTER IV 
MORE ABOUT TELEGRAPHS 


A great American invention—The origin of the Morse telegraph—How the 
Morse-sounder works—The Morse alphabet. The Morse-inker—Iow:a 
great speed is attained with Morse-inkers—An ingenious high-speed 
instrument-~A writing telegraph—Sending several messages at the same 
time on one Jine—An ingenious multiplex system—[ow Jong distances 
are overcome---Hantling press messages—Hlow telegraphs are worked 
with a single wire—Type-printing telegraphs. 


NE might think that nothing could be simpler 

than the single-necdle telegraph described in the 

preceding chapter, and yet there is a simpler 
method. : 

While Cooke and Wheatstone were busy with their 
pioneer work in connection with the needle telegraph, 
Samuel B, Morse, an art professor in New York, was 
experimenting with a totally different kind of telegraph. 
While on a voyage from Europe to America, Morse had 
been shown an clectro-magnet by a fellow passenger. 
Morse quickly saw in this a simple method of. sending 
signals to a distance by means of electricity. It was 
obvious that the electro-magnet might be at any desired 
distance from the battery as long as there were connecting 
wires to form a path for the electric current. It was 
some years before: Morse was able to equip a practical 
telegraph line. 

In the Morse system the sending operator requires only 
a battery and any simple means of opening and closing 
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the path of the current. At the receiving end is an 
electro-magnet, which when energised by an_ electric 
current passing through its wire, will attract the iron 
end of a little lever towards it. The opposite end of 
the lever may be made to strike a gong, or more usually 
merely to come against a stop, so that a clicking noise is 
produced each time the electro-magnet attracts the 
lever. This electro-magnet will therefore make a click 
if an electric current is sent along a wire from a battery 
at the distant sending station, and as there will be no 
attraction except when the current is passing, the lever 
will be pulled away from the magnet by a spring as soon 
as the current ceases. It is arranged that when the lever 
strikes the upper stop it makes a different sound from. 
the one produced when it falls back upon the lower 
stop. The sounds may be described as click and clack. 
The sending operator can therefore, by closing and 
opening the battery circuit, cause the distant apparatus 
to make as many click-clacks as desired, and these may 
follow each other rapidly, or they may have a longer 
space of time between each. For instance, if the sending 
lever or battery key, which in principle is the same as 
an ordinary bell-push, be depressed rapidly three times 
in succession, three short click-clacks will be heard at 
the receiving end. It has been previously arranged that 
three sharp click-clacks will represent the letter S$. One 
short click-clack stands for E, and one click-clack, with 
a longer pause between the click and the clack, for T. 
In this way signals have been made up for each of the 
twenty-six letters of the alphabet, and with these two 
simple signals, a short click-clack and a long click-clack, 
it is never necessary to usc more than four of these click- 
clacks for any one letter. There can only be two letters, 
of course, having one click-clack, and the benefit is given 
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to the two letters which are used most frequently; E 
being signalled by a short click-clack, and T by a long 
click-clack, as already stated. Then there can’ only be 
four letters made up of two click-clacks cach, and these 
are a short and a long click-clack for A, a long and a short 
for N, two short ones for I, and two long ones for M. 
Eight other letters are made up of three click-clacks 
each, arranged in different orders, while the remaining 
twelve letters each require four. (See Fig. 5.) 


SIGNALS FOR MORSE TELEGRAPH 





A-— Jemma See 
Bowens 16—--— T=— 
C—-—- Leome- U-— 
D—-- tm Vee 
é- v—-- W-—— 
Te ee ae 
C——- P-=——- Y_-—-— 
Hane @---— Z-—-- 
yo R-—- 

Via. § 


© These signals are the same’as those at page 42; a short stroke correspond- 
ing with a left-hand movement, and a long stroke with a right-hand one. 


The Morse telegraph apparatus is nothing more than the 
simple electro-magnet and lever, as just described. When 

- one hands in a message in London for delivery in Edin- 
: burgh, the sending operator in London merely closes and 
. opens his battery, circuit according to the code already 
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described, and at the Scottish capital the receiving operator 
listens, to the click-clacks, spélling out cach letter and 
noting down the message thus signalled. That is to say, 
the person desiring to send intelligence to a distant friend 
writes down his message in ordinary writing, hands it in 
at the nearest telegraph office, where the operator's 
brain transforms the message into telegraphic signals, 
known as the Morse code. An electric current under 
the control of this operator then causes a distant electro- 
magnet to move a lever, producing a series of click-¢lacks, 
which the receiving operator translates into ordimary 
alphabetical letters, and again constructs the words of 
the message, which is written out once more in ordi- 
nary writing and delivered to the addressce, It is 
very probable that ere long this transformation te 
and translation from the Morse code will be entirely 
dispensed with for ordinary messages, and that the 
sending operator will directly control a distant type 
writing telegraph instrument. The message, printec 
in letter form by this recciving apparatus, will be 
taken off the machine and delivered to the addresset 
just as it is received. In some measure this has long beer 
the practice on the Continent, but the message is ther 
printed on a narrow tape, and this is then pasted on to | 
telegraph form. : 

At the present time it is the simple Morse sounde 
that is in general use both here and im the United State 
for all ordinary messages, but in order to cope with lon, 
press messages, ete., it is necessary to send the signal 
at a greater speed than can possibly be done by hand 
For this purpose an automatic transmitter has been long i 
use. At the sending station a long paper ribbon or tap 
is first of all prepared by an operator using a perforatin 
or punching machine. Small holes are punched in thi 
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aper ribbon to represent the Morse signals. The per- 
orating machine has three levers or keys; one key 
unches holes to-represent short clicks or ‘‘ dots,” another 
punches holes to represent long clicks or ‘‘ dashes,’ while 
the third key represents a letter space. When the Morse 
signals of a message have been prepared on this per- 
orated tape, it is then run through an automatic sender, 
which makes and breaks the battery circuit far more 
quickly than any operator could do by hand. The per- 
orated tape is run through this transmitter by clock- 
work, and is able to transmit, in one minute, signals 
representing as many as from two hundred to four 
hundred words. What is happening at the receiving 
end? Who can hope to decipher signals coming in at 
the rate of about seventy clicks in every second ? «Such 
a task is, of course, beyond the power of the most expert 
operator, It is a human impossibility. A special re- 
. ceiving apparatus is therefore required, but this can be 
very conveniently arranged. It is only necessary to 
‘ cause the end of the little lever in the Morse sounder to 
make a mark on a paper ribbon cach time the lever is 
actuated by the electro-magnet, and thus Ieave a per- 
manent record of its rapid up and down movements. 
We therefore place a smali wheel on the free end of this 
lever, and allow the wheel to rest in a little well of ink. 
When the other end of the lever is attracted down by 
the electro-magnet, this smail wheel is raised against 
a paper ribbon, which is being moved along at a constant 
speed by clockwork. As Jong as the little wheel is kept 
against the moving paper a line will be marked along its 
centre, so that by making and breaking the battery circuit 
this little wheel can be caused to make long or short 
strokes ulong the centre of the paper. In this way the 
movements of the automatic transmitter at the sending 
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cng) areerecorded at the distant station by ‘this litth 
Mongesinker, : 

ts, of éourse, possible to send signals by an ordinary 
handykey to the distant Morse-inker, but no advantage 
1s gained, for in this case the receiving operator is quite 
‘as abje to translate the clicks into letters as the sending 
operator Is to transform the letters into the Morse signals, 
The atitomatic transmitter and its distant companion 
the Morse-inker are of vety great service in connection 
with the quick despatch of press messages, etc. But for 
the invention of these instruments the Post Office 
authorities would require to have far more long telegraph 
lines connecting important centres. 

There have been many very ingenious inventions in 
connection with high-speed telegrapliy, but the simple 
Morse-inker still holds the field, its very simplicity 
being its advantage, By one of these recent inven- 
tions the receiving apparatus writes the message in 
‘ordinary characters at the almost incredible speed of 
forty thousand wards per hour. Two hundred thousand 
letters of the alphabet in one hour! A tiny mirror, 
the movements of which are under electrical control 
from the distant sending station, throws a spot of light 
on to a sensitised photographic paper. This spot of light 
traces out the letters of the ordinary alphabet. When 
the paper is chemically developed, which process is auto- 
matically done by the receiving instrument itself, the 
message upon the paper may be read by any person, 
The advantage of having the message in ordinary writing 
is practically lost, however, as far as press messages are 
concerned, for it is necessary at the receiving end to 
make out manifold copies of the message for distribution 
to the different newspaper offices, and an expert operator . 
can decipher the Morse code practically as quickly 
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as the writing of this special telegraph. The object of 
this machine is to attain a high speed, so that a sending 
tape is prepared to control the battery current. . ; 
There are many other forms of telegraph apparatus, 
but I shall only mention one other at this point. Many 
readers may have seen at one of the exhibitions or 
elsewhere a very interesting form of hand-writing tele- 
graph. The sender writes his message upon a sheet of 
paper with an ordinary pencil which -is attached to . 
two light levers. The motion given to these levers is 
electrically transmitted to the distant receiving instru- 
ment, where a pen, controlled by two similar levers, 
traces out the letters made at the sending station. This 
apparatus has a distinct advantage over ordinary tele- 
graph instruments in being able to reproduce a picture 
ot sketely of any kind made at the distant station. It 
can also reproduct a signature in exact duplicate, and it 
has been suggested that one might sign a cheque, distant 
hundreds of miles, but one would require to have implicit 
confidence in the individual at the receiving end, that the 
transmitted signature was not being appended_to any- 
thing but what the sender intended. » 

The construction and upkeep of long telegraph lines 
involyes a heavy expenditure, so that the more messages 
that can be sent over a single line the more valuable 
that line becomes to the Post Office authorities. The 

: atttomatic transmitter, however, is already sending the 
messages as quickly as can be ever possible ; indeed, it is 
capable of making the dots and dashes faster than they 
can pass along the hne if the distance be great. If we 
have the signals already following at each other’s heels 
as close as they can get, what more can we hope to do? 
; Send several messages at one time! It does seem im- 
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four different messages over one single wire simultan 


ously.” Two of the messages are travelling in one directio 





To make the matter quite clear we may picture fot 
operators sitting together at the. London end of a wit 
which stretches northwards to the Scottish capital, wher 
four other operators are seated. Two of the operator 
at London are sending separate messages to two of th 
operators at Edinburgh, while the ether two Londo 
operators are receiving separate messages from the othe 
two Scotch operators. Four distinct messages trav 
over this one simple copper wire, and yet there 
no confusion. JT shall endeavour to give some ide 
of how this is accomplished, but to give a detaile 
explanation “would necessitate a rather complicate 
diagram which I fear would only be a worry to th 
uninitiated. 
What really happens is this, the two outgoing message 
from the London end do-not affect the two receivin 
instruments at that end at all. We may picture tk 
two receiving instruments as being electrically shielde 
from the outgoing current. They are so placed in cor 
nection with the line wire that the outgoing curren’ 
have no inducement to pass through them, and < 
electricity will take the casiest path these currents mah 
straight for the distant end of the line wire, a clear pat 
being offered to them there. But why do the two r 
ceiving instruments at the distant end not attemp 
each on its own account, to translate the two messages 
The secret is that the two instruments are not the sam 
and the two sets of clectric impulses sent out by tl 
sending station are not the same cither. The first operat: 
at the sending end can only affect oue of the dista: 
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sending a current which will only affect the other distant 
’ receiver, . 
Perhaps the best mental picture one can form of -this 
“quadruplex ” system of working, without learning all 
the detail of wiring, etc., is to think of a constant current 
flowing on the line, and the instruments so arranged that 
neither of them is moved by this current. If, however, 
there is any change made in the direction of the current | 
No. I receiver is moved, but the other is not affected. 
No, x sending operator may therefore keep changing 
the direction of the constant current at will, and in this 
way send signals to No. 1 receiver at the distant end. 
To what, then, will No. 2 receiver respond? It is so 
arranged that it will move with any alteration in the 
strength of the constant current, so No, 2 sending operator 
must have a key by which he can alter the strength of 
the current at will, and in this way he can send signals 
to No. 2 receiver. The same uTangement is made 
between the two sending operators at the Edinburgh 
end and the two Tecciving instruments at the London end. 
Many important lines are quadruplexed in this way, 
and every line of importance is at Jeast “ duplexed,”’ 
The duplex system is just half of the quadruplex, there 
being only one sender and one receiver at each end, . 
‘By the duplex system only two messages are sent simul.’ 
taneously, one in either direction. We are indebted to 
the Austrian telegraph engineers for making duplex 
working a practical system, although we do not now 
use their original methods. 
Several inventions have been patented, whereby 
a great number of messages may be simultaneously sent 
over a single line, but as none of these instruments are at 
present in every-day use, I shall merely mention the 
general principle of one such system in passing, : 
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The idea in this case is to use telephone receivers 
in place of the ordinary telegraph instruments. As, 
many. as a dozen telephone receivers may be attached 
to the one-line wire, and each telephone may be ar- 
ranged to reply only to the particular electric impulse, 
which will affect only this one and none of the others. » 
That is to say, « particular electric impulse causes 
No..1 telephone to hum a sound, while all the others 
remain silent ; No. 2 has also a particular note of its own, 
and so on. It only remains to give cach operator at the 
distant end a special battery key, which will set up the 
necessary rate of electric impulses to move one of the 
telephone receivers. Each operator can now work away 
on his own account, knowing that his signals will only 
affect one particular receiver at the other end. The 
signals used may be the ordinary Morse code, the tele- 
phone receiver giving long and short notes. 

Returning to the ordinary telegraph business of to-day, 
we shall find many other points of interest. 

At the larger telegraph offices all the instruments are 
supplied with current from a storage battery, the number 
of cells for any one line depending upon its resistance. 
The longer the wire the greater the resistance, and there- 
fore the more pressure required to send the current 
through. In order to decrease the resistance on long wires, 
they are made of better conducting properties. 

When an electric current is transmitted a long distance 
its strength is considerably reduced owing to the resist- 
ance of the wire, so that an electric impulse, on reaching 
a far-distant town, may not have sufficient cnergy left to 
cause the electro-magnet to attract the comparatively 
heavy armature required to make a distinct sound or to 
cause a recording instrument to impress the signal 
clearly on paper. This apparent difficulty is very easily 


More About Telegraphs : 


Fovercome, for as long as there is a very small current 
‘this will be sufficient to cause a small electro-magnet to 
. attract a very light lever, and the movement of this lever 
can switch on a local battery to the telegraph instrument. 
This small electro-magnet and lever arrangement. is 
_called a “relay,” or repeater, and when Morse signals 
have to be sent to long distances it is usual to place one of 
_ these midway between the stations. The relay is in con- 
‘ struction identical with an ordinary Morse sounder, 
having an clectro-magnet operating a small lever. This 
lever is so arranged that’instead of the free end of the 
lever merely knocking against a stop, it thus completes 
‘an electric circuit and allows the current from a local 
battery to pass on to the line wire. That is to say, the 
current sent out by the distant operator merely operates 
this midway relay, which sends on a fresh current at each 
stroke, to the distant receiving instrument. The relay’ 
is in fact an automaton which imitates the movements 
of the distant operator. If he depresses his sending key, 
thus switching the battery current on to the line wire, 
then the relay at the “ half-way house ’’ moves its lever, 
and switches on its local battery current to the second 
{half of the line wire. 

With our climatic conditions in Great Britain it is 
not easy to send direct signals to a greater distance 
than four. hundred miles, but the introduction of a 
repeater controlling a second battery helps us out of the 
difficulty. With the high-speed signals sent out by the 
automatic trarfsmitters it is found advisable to introduce 
a repeater at every two hundred miles. On trying one 
long line, without any repeaters, the Pdst Office authorities 
-found that the highest speed at which the direct line 
Prov carry the automatic signals was one hundred 





words per minute ; but by. Teteoducing one repeater on 
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the way, it was found that the speed could be increased 
to four hundred words per minute. 

Théfe is a further use for the repeater. London has 
oe news arriving from abroad, and it is necessary 

‘disttibute this to all important towns. Much of the 
news for each town is identical, so that it is very con- 

“venient to run one single wire through a number of large 

‘ towns, each town recciving the signals and at the same 
time operating the next section of the linc. For instance, 
a line is run from London through Leeds, Newcastle, 
Edinburgh, Glasgow, Dundee, and Aberdcen, and in this 
case it is not necessary to put a repeater at cach town, 
there being only one at Leeds, and another at Edinburgh, 
All these towns receive the news simultancously from 
one automatic transmitter in London. 

To be able-to operate a light relay by sending a weak 
current is a most convenient arrangement. for many 
purposes, for we can thus control, from a distance, the 
current of a more powerful local battery. 

The Morse system of telegraphy is likely to hold the 
field until displaced by some simple and reliable form of 
typewriting telegraph. The Morse alphabet is so easily 
learned, and the telegraph apparatus is so very simple. 
We are indebted to our American cousins for the Morse 
system, and it has quite displaced an English system set 
afoot about the same time. . 

It may be that some readers have been wondering 
where the necessary complete electric circuit is when 
only one wire is used to connect two distant telegraphs 
together, [t was naturally supposed at the outset 
that a return wire was required, but one experimenter 
accidentally discovered that if the two-ends of the wire 
were given a good connection with the carth, the circuit 
was as complete as though a return wire existed. As a 
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matter of fact, if a wire is erected, say, between London 
and some distant town, and at the-latter place the wire is 
connected to a galvanometer, which will indicate the 
strength of an electric current passing over the line to it, 
it will be found that the current strength is much greater 
when the earth is used in place of a return wire. In order 
to picture this earth connection, we need not suppose 
that the electric current rushes back from the one end of 
the wire through the carth to the other end, for we may 








Fic. 6.—Llow a TeLecrati is WORKED WITH A SINGLE WIRE 


imagine the earth tu be as a great reservoir, We then 
picture the current being dissipated at the one end of the 
wire, and fed on at the other end, the battery acting as a 
pump. In order to get a good earth connection it is 
necessary to attach the ends of the wire to large metal 
plates, which are sunk in the moist subsoil, or if the wires 
be attached to water-pipes, etc., the result is the same. 
(See Fig. 6.) ; 

Tn the smoke-rooms of many of the large hotels and 
clubs in London one finds a very compact little instru- 
ment busily engaged printing off the news of the day ona 
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long sheet of paper. ‘A little wheel carries the letters of 
the alphabet in rubber type upon its periphery. This 
wheel spins round and stops in any desired position, then 
quickly moves forward and prints the letter on the paper. 
The necessary energy is supplied by, clockwork in the 
instrument, but its actions are clectrically controlled 
from a distant sending station. The controlling current 
is operated by keys similar to those of a piano, so that the 
sending operator doesnot require to learn a code, while 
any person can read the message, printed by the little 
revolving wheel in ordinary Roman type, at the receiving 

end. It is interesting to watch the little type-wheel at 
work. After spinning round at a very rapid pace and 
stopping with the desired letter in position, it impresses 
it on the paper and then moves along the space of a letter, 
or if at the end of a word it makes two steps to the right. 
When it reaches the end of a line it springs back to the 
left-hand side of the paper once more, while the paper is 
rolled up to bring it in position lor the next line. 

While this instrument serves a very useful purpose it 
distributing important items of news to hotels, ete. 
it is not considered equal to the demands of the Pos 
Office as a type-printing telegraph. So far any page 
printing telegraph instrument has. been either too com 
plicated in its mechanism, or not sufficiently reliabl 
in its action, to warrant its adoption by the Post Office fo 
ordinary work ; but many inventors are at work upo 
the solution of this interesting problem, 
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ams—Lurly attempts at submarine signal- 
ling by the Reyal Engine The advent of gutta-percha and its great 
'. assistance—Some interesting fi about the laying of the first Adantic 
cables—How the messages are signalled and recorded --Discovering and 
* repairing fauts--The work of Lord Kelvin as chief electrician and of 
i Sir Charles Bright as engineer-in-chief. 


A difficulty in transmitting call 











N these days when the publi¢ keep crying out for 
reductions in the prices charged for sending cable- 
grams abroad, the methods by which cablegrams 
“are transmitted should be of special interest. 

The man in the street may think that when once a 
submarine cable is laid there is no more difficulty in 
sending telegrams by it than there is on overland routes. 

We should agree with him as regards short distances, 
such as from England or Scotland to Ireland, and there- 
fore we find no extra charge made for such telegrams, 
which are really cablegrams, having to cross the Irish 
Sea by means of a submarine cable. But while these 
short lines can be worked with ordinary Morse-inkers, 
it is quite impossible to use them om ocean cables. If 
we could stretch an overhead line in the air from our 
shores to lands across the sea, and if we could place 
repeaters at convenient distances, we should have no 
difficulty im using ordinary telegraph instruments. 
‘When, however, it is necessary to enclose the wire in a 
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thickly insulated covering, the conditions are Very 
different, as we shall sce later.” 

Although the iirst ocean cables weére laid more that 
half a century ago, the story of the gigantic under 
taking is well known to most of us. However, i 
may be of interest to note very briefly the outstanding 
facts. 

It is interesting to firid that one of the very first practi+ 
cal attempts to conduct an clectric current along a wire! 
under water was made by an officer in the Royal Engin- 
cers. Colonel Pasley, who afterwards attained the 
rank of major-general and was knighted, made these 
early experiments in the Medway, at Chatham, and also 
in connection with the submarine operations on the 
sunken wreck of the ill-fated Royal George in Portsmouth. 
jarbour.* The plan adopted by C olonel Pasley was to 
bind around the wire several strands of tarred rope, 
and on the top of that covering another of pitched yarn\) 
While such methods served @ useful purpose, there 
could be no real and permanent success attained until 
gutta-percha came into use. This substance was intro- 
duced into European arts about 1843, and a few years 
later it was found that gutta-percha might be used as 
an electric insulator. 

Gutta-percha as well as being a good insulator is also 
very pliable and easily handled. The copper wire encased 


ay 


* dtowill be remembered that this British man-of-war, when under repair 
in Portsmouth harbour, was heeled over to enable repairs to be made near 
the keel, and water rushing jn at the portholes of the depressed side, the 
vessel went down suddenly with all who happened to be on board. Out of 
the cleven hundred people only two hundred were saved. We are, ne 
doubt, all familiar with Cowper's elegy on the loss of the Aoyad George. 
Although this calamitous event happened in 1782, the operations mentiones 
above were not made till 1839, when the mass of the wreck was hlown t 
pieces, after all valuables had heen removed. 
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© in gutta-percha is all that is required as far as the electri- 

"cal propertics of the conductor are concerned, but the 
cable must be able to stand some pretty severe handling 
in the laying of it, and it must also be equal to the strain 
put upon it by strong tidal currents, etc. The cable 
must therefore have a strong outer casing or armouring 
as a protection for the conductor and its insulating 
material, This is supplied by a sheathing of iron wires 
twisted round and round on the outside of the insulating 
material, and giving the finished cable an appearance 
similar to'that of an ordinary wire rope. Before the iron 
sheathing is wound on, the gutta-percha with its en- 
closed conducting wire is very carefully wrapped in 
cotton tape and soft cotton yarn, then a strip or ribbon 
of brass is wound spirally over that, and again more 
cotton tape and a layer of tarred hemp. On the top of 
all these comes the iron wire protection, which is also well 
tarred. : 

Early cables contained one single copper wire to act 
as the conductor, but it was soon found better to make 
the conductor up of seven separate strands of copper 
wire, for there was then less tisk of a-total break of the 
conductor from any overstrain. As there is considerable 
expense in manufacturing the protective part of the 
cable, it naturally occurs to one that. it would be an 
advantage to enclose several sets of insulated conduc- 
tors inside the one armouring, and thus supply connec- 
tions for a number of telegraph instruments. This 
cannot be done in long cables such as the Atlantic ones, 
for the electric current sent along one wire would induce 
a similar current in the neighbouring conductors. For 
shorter cables, however, such as those across the North 
Sea, as many as four separate conductors are placed in 
the one cable, and for very short distances, such as 

Or 


How Telegraphs and Telephones Work 



















across Tivers, as Taany as twenty conductors may b 
enclosed inside the one sheathing. : 

While only one conductor can be enclosed inside. at 
Atlantic cable, it is possible to © duplex” the line, as 
described in the preceding chapter. There 1s then 
sending and @ receiving operator at each end, so thay 
the cable is carrying messages simultaneously in eacl 
direction over the one conductor. 

When one thinks of the very great difficulties con 
nected with the laying of the first Atlantic cables, how 
one attempt after another had. to be made, one can 
well understand the great interest and excitement, 
evinced both here and in America, when at last, in 
the autumn of 1858, the first telegraph message was 
successfully sent across the. great Atlantic. . After a 
short but busy life of three weeks this pionecr cable 
became quite dead, It had carried over seven hundre 
messages, but had never been opencd to the public ‘for 
pusiness. All attempts to repair it proved hopeless. 

It was eight years before another telegraph message 
crossed the Atlantic, in 1866. Jn the previous year the 
second cable was laid, but it parted in deep water aftd® 
about two-thirds of it had been snecessiully submerged, 
and the engineers were forced to abandon it. However, 
after the 1866 cable had been successfully laid, it was 
found possible to pick up the end of the 1865, cable and 
complete it also. Although these were the earliest 
Atlantic cables, many shorter ones had - been jaid in 
other places, there being about one handred submarine 
cables in existence by 1866. It really took more than a 
year to lay the first Atlantic cable, but having gained by 
the experience and difficulties of these catly pioneers 
we can now lay a complete cable. across the Atlantic 
e Traland to’ Nova Scotia, in less than three weeks 
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‘ime. These three pioneer cables are now lying dead 
t the bottom of the ocean, but they have indeed served 
useful purpose. We have now from fifteen to twenty 
ables carrying intelligence between Europe and America. 
ot only is the Atlantic spanned; submarine cables 
re laid in the Pacific, the Mediterrancan Sea, the Black 
ea, the Arabian Sea, the Indian Ocean, the North Sea, 
the English Channel, etc. 
The great irregularities in the depth of an ocean 
make cable-laying a very difficult task. Although the 
average depth of all the oceans is about two and a ‘half 
miles, a depth of over seven miles has been found in the 
South Atlantic, and about five miles in the North Atlantic: 
A cable ship will be laying a cable at a depth of one mile 
below the sca’s surface, when it finds that this is the top 
of a great submarine mountain, and, as the ship con- 
tinnes to lay the cable down the mountain side, it soon 
becomes apparent that this mountain is two and a half 
es m height, forathe cable is found to have reached’ 
a depth of three and a half miles below the surface of 
the sea. A cable ship’kceps in constant communication 
with Jand, through the cable it is: laying, during the 
whole voyage, so that those on board hear of any import- 
ant event occurring on land in their absence. 
In the opening sentences of this chapter we noted 
that the ordinary telegraph instruments are of no use in 
connection with long cables. The reason for this is that 
am insulated cable behaves quite differently from an 
rdinary bare telegraph wire.’ The cable becomes 
‘charged, somewhat like a Leyden jat, and thus ret tards 
the flow of the electric current. In order to obviate, tabs, 
Ke far as possible, special condensers are used to Aggie 
the cutrent, but even then the resulting current i 
sufficient to move a delicate relay for a Morse instru 
63 
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Tt was found necessary to have a much more sensil 
tive receiver, although for short. cables (such as across 
the Irish Channel, etc.) ordinary Morse-inkers are worked 
by .the Post Office. It was by the inventive brain o 
Professor William Thomson (the late Lord Kelvin) that ¢ 
suitable instrument was devised. The principle’ upot 
which this works is very simple, and is in point of fac 
the same as already described in the needle telegraph 
It will be remembered that the current passing in a coi 
of wire caused a magnetic needle to swing round, Int 
this more delicate apparatus a very tiny magnet. is 
suspended by a silk fibre, inside a small coil of very fine 
wire ; but as a small movement of this little magnet 
could not be easily seen, there is attached to. it a tiny’ 
mirror, which along with the magnet weighs only abou 
asingle grain. A lamp throw’ a fine ray of light througl 
a slot in a screen, and this, falling upon the mirror, tay 
be reflected upon the wall or upon a graduated scale, By 
this ingenious method a very small turning of the tiny’ 
magnet gives a large motion to the spot of light, as every 
bey who has annoved his neighbours with a small sun- 
reflector will well understand. 

It became rather tiresome to the eyes watching thi 
spot of light dancing to and fro, indicating the Mors 
signals, a movement to the one side signifying a “ dot,”} 
and to the other side a ‘ dash.” Jt therefore occurrec 
to Sir Wilham Thomson that he might cause the tiny 
magnet to move a pen across a paper ribbon and thu 
Jeave a record of its deflections to left and right. To the 
ordinary man this would seem an impossible task. Th« 
mirror galvanometer was so very delicate -it surely 
could not be expected to move a pen. Jt certainly coul 
not move a pen of any ordinary make, but Lord Kelvin 
used a very small glass tube, which could be rocked to! 








A Coll OF WIRE CARRYING AN EL 
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_ In the upper illustration the battery is not coun 
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ne side or the other by silk fibres attaching it to the 
Sitle magnet. This little glass tube was made to ac 
ke a siphon, its one end dipping into a small well o 
k, and the other end placed immediately over a paper 
Kbbon, which was moved along at a constant speed 
y clockwork, just as in the Morse-inker, described in 
e preceding chapter. In order to make a constan 
tream of ink pass from the tiny siphon on to the paper, 
At was found necessary to electrify the ink, by means 
tf a small static machine. Later it was found that by 
piving the little siphon a vibratory motion a similar resul 
as obtained. The little siphon while in its norma 
position would mark a straight line along the centre of the 

oving paper ribbon, but if an electric current reaches 

he coil of wire, the current being sent from the other side 

pf the Atlantic, then the little siphon will be rocked to 

bne side or the other, according to the direction in which. . 
¢ ctirrent is sent around the coil. In this way the , 
ovements of the little magnet to left or right are traced 
ut on the paper ribbon, appearing as curves above or 
elow the central line when reading the paper lengthwise, 
if the ribbon is turned round, as in Fig. 7, the right 
d left movements of the needic alphabet may be 
el, 
In describing the siphon recorder I have, for the 
hke of simplicity, imagined the glass siphon to be 
ontrolled by the tiny permanent magnet of the mirror 
alvanometer, but in practice the construction of the 
fistrument is different, although the principle involved 
identical. In order to get as much advantage as 
bossible from the incoming current the order of things 
reversed, In the mirror galvanometer we have a small 
bermanent magnet controlled by a weak magnetic 
field produced in the coil of wire by the incoming current. 




























nn 











vt 


How Telegraphs and Telephones Work . 


This is sufficient to cause the tiny magnet and its mirrtl or 
to turn round, but these together only weigh about 0 ine 
single grain. This effect will not be sufficient to sat TWis- 
factorily move the glass siphon. Therefore, instead 8%of 
depending upon a weak permanent magnet to be cot@n- 
trolled by a weak magnetic field set up by the incomin®>g 
current, there is a powerful: magnetic field perma:}\ 
nently produced by a large stationary stcel magnet 
and between the poles of this magnet is suspended | 


a 
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light coil of wire which becomes a magnet whenev er 
the incoming current traverses it. This coil is then 
attracted by the poles of the stationary magnet accoryd- 
ing to the direction in which the current is passnag 
round the coil. In this way a more. energetic 
movement is obtained from the incoming current, 
and the siphon is satisfactorily rocked to one side or: 
_ the other. 

The invention of these sensitive telegraph instruments 
by Lord Kelvin is of historical importance, for it would 
have been quite impossible to have sent’ intelligible 


How Cablegrams are Sent 


signals over long submarine cables by any ordinary 
. plece of mechanism. . 

A modern cable will transmit messages at a rate 
of about fifty words per minute, which is twice as much 
as could be accomplished on the carly cables. Auto- 
matic transmitters are used on all long cables, the advan- 
tage gained being not so much a matter of slightly 
increased speed, as a regularity of signals which cannot 
be given by hand. 

Having once laid the cables, the expense of carry- 
ing on the business docs not only mean the working 
of the apparatus on land, for a whole flect of large steam- 
ers is required to maintain the cables in perfect work- 
ing order. When a fault occurs, its position can be 
determined by testing the cable, and noting how much 
resistance is offered to the passage of an electric current. 
The exact resistance offered by one mile of the cable 
is known, so that the length through which the current 
is going, before escaping to earth at the ‘faulty place, 
can easily be determined. A steamer then proceeds to 
this point, and rakes the bottom of the ocean with a 
grapnel until the cable is caught, possi ly at some little 
distance from the fault. It is then brought on board 
and cut, and when tested one or other of the ends will 
enable messages to be got through to land. This end - 
being found to be quite sound, is sealed up and dropped 
overboard with a large buoy attached. The other end 
is gradually picked up, and it may be found to be quite 
severed from the main part of the cable. If $0, then 
the other end of the cable has to be picked up as already 
explained. Then a fresh piece of cable is spliced on, 
and tested through to land, the steamer having thus 
got in touch with both shores. The steamer makes her 
way back to the floating buoy, paying out fresh cable 
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as she goes. It only remains to make the final splice, 
and the cable is once more complete from shore to 
shore. 

It has happened that a dead whale has been found 
entangled in a faulty cable, and on one occasion when 
raising a faulty cable in the North Sea, the repairing 
steamer brought to the surface a small sailing vessel. 
The teeth of sea-monsters have often been found em- 
bedded in faulty cables, but the chief enemies of the 
cable companies are small marine insects or worms, 
which can slip in between the wires of the outer sheath- 
ing, and bore their way through the insulating cover, 
thus causing a leakage. These marine organisms are 
like soft-bodied snails, some being about the size of a 
pin’s head. 

In the early days of occan telegraphy it cost twenty 
pounds to send a message across the Atlantic, the charge 
being one pound per word and the minimum number 
of words allowed being twenty. We can now send 
messages of any desired length at the rate of one shilling 
per word, and by using a telegraphic address and a 
single code word quite a lot of intelligence may be sent. 
Allowing two words for the telegraphic address and one 
code word for the message, the total cost is three shillings. 
Several standard codes exist, but business houses often 
arrange special codes of their own, while any person 
may arrange a temporary code with a friend. By such 
means a single word may mean a great many words, 
and it is recorded that on one occasion a message was 
sent in which one word stood for a pre-arranged message 
of two hundred words. : 

While the name of Sir William Thomson, afterwards 
Lord Kelvin, stands out very prominently in connection 
with the first Atlantic cables, it should be noted also 
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that a great deal of the ultimate success in laying the 
cables was duc to the ingenuity and skill of the late 
Sir Charles Tilston Bright, who designed and super- 
vised the working of the paying-out machinery. . As 
engineer-in-chief, Bright had many difficulties to con- 
tend with, and although only twenty-six ycars of age 
at that time, he successfully overcame ‘ll these. 


CHAPTER VI 
* SIGNALLING WITHOUT WIRES 


Wireless telegraphy has a special sphere ~Communicating by vibrations The 
miedium of communication—The origin of wireless telegraphy—A simple 
explanation of the general principle—Coherers and other detectors—The 
different wireless systems—The problem of interference—How tuning is 
obtained for a selective system—The antennee—The source of power for 
transmission, 


EEDLESS to say, it is a very great advantage 
N to be able to signal to a distance without first of all 
requiring to establish a material conductor. ; 

Visible signals are all right for short distances, provided 
the atmosphere is clear. It is not so very long ago (about 
1830) that our Government thought the semaphore 
system to be the last word in space signalling. When 
the early experimenters in electric signalling approached 
the Government in connection with this matter, the 
authorities informed them that “ telegraphs of any kind 
other than those now in use are entirely unnccessary, 
as the Government are fully satisfied with the semaphore 
system.” It is clear that the authorNics did not ap- 
preciate the possibilities of clectric signalling. 

Although wireless telegraphy is no longer in its infancy, 
but has passed out into the business world, there are 
many intelligent people, who, unfortunately, look upon 
it as a mere scientific toy. One of the leading experts 
in wireless telegraphy has mentioned this grievance 
to me on more than one occasion. Our chief concern, 
however, is to see clearly the means by which the present 
undoubted success has been attained. 
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Wireless telegraphy has a special field of its own: it 
gives us a means of communication in circumstances in 
_which no other method can be of any service whatever. 
We can signal to ships far out at sea, even although: we 
have no knowledge of the exact whereabouts of the ship. 
Ships which are not within sight of one another can 
establish communication with each other. Whether or 
not wireless telegraphy will compcte seriously, with 
submarine cables remains to be seen, but some of the 
wireless companies are making a big bid for transatlantic 
signalling. Wireless telegraphy may be used on land, 
but here it comes into competition with ordinary tele- 
graphy, which has distinct advantages. There is one 
direction, however, in which wireless. telegraphy may 
prove of.inestimable value on land, and that is in times 
of war. It is obvious that if cach division of the army 
can keep in touch with the head-quarters and receive 
instructions and guidance, a very great advantage has 
been gained. The enemy cannot cut their line of com- 

" munication. in wireless telegraphy. 

When one person speaks to another the speaker merely 
sets up certain vibrations in the air, and these so stimulate 
the hearing apparatus that a series of nerve impulses 
are conveyed to the sensorium, where the meaning of 
these signals is unconsciously interpreted. In wireless 
telegraphy the sender sets up vibrations, not in the air, 
but in a something which we call the all-pervading ether; 
and tliese ether vibrations reaching to a great distance 
so affect a receiving apparatus that signals are made, 
and the operator watching the movements of the receiver 
may interpret the signals. 

For the present we shall be content to know that 
there is a something which fills all space, that scientists 
have named it the ether, and that it is the medium for 
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conveying light, heat, and electricity. It is this medium 
which. conveys energy from the far distant sun to us, 
and it has been possible to calculate the speed of travel 
of the ether vibrations which we call light. The speed is 
not much short of 200,000 miles per second, or to be more 
exact, 186,400 miles in one second. 

When the ancients sent Messages across the country 
by means of beacon fires, how were the signals trans- 
mitted? These ancients were using the same medium 
as we do in wireless telegraphy. The burning fire set: up 
cther vibrations, and these so affected the eyes of the 
distant watchers that they received certain sensations, 
which by experience they recognised as being caused by a 
bright light at a distance. It had been pre-arranged 
that when this fire was sct alight it would have a certain 
meaning, and so the signal could be interpreted. 

Just as the ear is the receiver of air vibrations, so 
“is the eye the receiver of ether Vibrations. The ear can 
only detect a limited range of air-vibrations ; the eye can 
only detect a limited range of ether vibrations, If we 
wish to send a signal by light to a distance, we must use a 
powerful source of light, so that we may cause a con- 
siderable disturbance in the ether; the same principle 
apples to wireless telegraphy. But how are we going to 
disturb the ether so that signals may be carried to a very 
great distance ? It is certainly not by producing the rates 
of ether vibrations which come within the limited range 
recognisable by the eye. There are other disturbances 
in the ether as well as those we call light. We have seen 
that there is an ether disturbance around a wire carrying 
an electric current, for when a magnetic needle is placed 
within the area of this disturbance the magnet is moved 
bodily into another position. This we call an electro- 
magnetic disturbance in the ether, Again, if we give an 
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insulated body a charge of electricity, we find that any 
light object brought near to it is suddenly attracted, 
indicating a decided disturbance in the ether, which is 
described as an clectro-static disturbance or effect. 

The present system of wireless telegraphy is dependent 
upon this clectro-static disturbance of the ether. It 
otiginated from some experiments made by the late 
Dr. Hertz, of Carlsruhe (Germany). Hertz was endeavour- 
ing to prove experimentally, the celebrated electro- 
magnetic theory of light, as formulated by Clerk Maxwell 
some twenty years previously. Up to this time, about 
1886, clectric waves were known only in theory. Mathe- 
maticians had devised means by which the lengths of 
such waves might be calculated. Their nature and 
behaviour had been predicted, but the experimentalist 
could find no means of detecting these electric waves, 
which were known to exist in the ether when any 
sudden electrical discharge took place. Hertz discovered 
a method of doing so. He set up the waves in the ether 
by -means of an electrical discharge from an induction 
coil; he believed that cach time a spark discharge 
eccutred the surrounding and illimitable ether was 
disturbed. Wow could these electric waves be detected ? 
One might expect to hear of some very ingenious and 
sensitive piece of apparatus, so arranged that it would 
be affected by these imperceptible waves. Instead of 
this nothing could be simpler {a short length of wire with 
asmall brass knob at each end, and the wire bent round to 
form almost a complete circle, leaving only a small air 
gap between the knobs, and that is all. This very 
simple arrangement enabled Hertz to detect the ether 
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of his simple wire loop, which was held at some distance 
away from the induction coil. It has been proved beyond 
any possible doubt that’ electric waves were propagated 
through the ether.* 

__It was very soon suggested by several scientists ‘that 
these electric waves might be used as a means of trans- 
mitting signals to a distance without any connecting 
wires. The scientist did not, however, consider at 
first that these electric waves could be conveniently used 
on a large practical scale for ordinary commercial pur- 
poses. The discovery of a detector which would record 
the passage of an electric current of extremely short 
duration, such as is induced in the receiving circuit by 
the radiation from a Hertz oscillator when a spark occurs, 
gave an impetus to the idea of space telegraphy. It 
had been observed by an experimenter on the Continent 
that while loose metal filings offered a great resistance 
to the passage of an electric current through them, this 
resistance wag very materially reduced when electric 
waves fell upon the filings, and that it remained so until 
the filings were shaken, thus giving time for the effect to 
be observed in an ordinary telegraphic instrument. 

(The general principle of wireless telegraphy will be 
understood by reference to the simple arrangement in 
Fig. 8, and the legend accompanying it. 

The tube of filings has been named a “ coherer,” 
signifying that the filings coheré or cling together under 
the influence of the electric waves. The tube may ‘be 
made of glass, or any other insulating substance. One 





* It is interesting to note that Professor Sylvanus Thompson, of London, 
-made a very similar experiment as early as 1876, He showed that electric 
sparks occurred between two ordinary door-keys when placed close together 
and taken to some distance from the induction coil apparatus But Professor 
Thompson has said: “It never dawned upon me that these sparks were the 
evidence of electric waves crossing the space.” : 
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wire enters at each end of the tube,-and each is attached 
to a small block of metal. These two blocks are brought 
very close together? and then the small space between 
them is very loosely filled with fine metal filings. Any 
metal will do, but it has been found that nickel filings 
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Fic. 8 —TrHe PRINCIPLE OF WIRELESS TELKGRAPHY 


The current from the battery (J3) cannot get to the trembler bell (T) 
because of the resistance offered by the coherer (C). When an electrical 
discharge takes place from the Leyden jar (L) ether waves go out and induce 
a momentary voltage in the wires connected to the coherer, thus reducing the 
resistance of the filings in the coherer, allowing the current to pass to the,bell, 
thereby causing it to ring. If the gong-stick is so arranged that it strikes the 
coherer‘at each movement, the jolting serves to ‘* decohere” the coherer, and 
thus break the circuit once more, . 





with a trace of silver act very well. An apparatus 
such as described, with a simple bell, would not make a 
very convenient telegraph apparatus, but with the aid of 
a relay we may connect a Morse sounder or inker to the 
coherer. 
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Many different forms of detectors have been invented, 
but they all have the same duty to perform: to close a 
local battery circuit when electric waves fall upon the 
detector. coni improved upon coherers, and along 
with his assistants he developed other methods of detect- 
ing the electric waves. It was Marconi who put wireless 
telegraphy upon a business footing. 

_ One very good form of coherer, used by the Italian 
navy, consists of a glass tube with small carbon blocks or 
plugs attached to the ends of the wires, and instead of 
metal filings there is a bead or globule of mercury between 
the plugs. When clectric waves fall upon this coherer, 
the mercury coheres to the carbon blocks, and thus 
forms a bridge for the battery current. One advantage 
in this form.of coherer is that it docs not require to be 
mechanically shaken to break down this bridge, for the 
mercury will only cohere to the carbon plugs as long as 
the electric waves are affecting it. In other words, the 
mercury tube decoheres of itsclf immediately’ upon 
the cessation of the electric waves. Instead of connecting 
this mercury tube to a telegraph instrument, it is usual 

o place a telephone receiver in the circuit, for the current 

does not last long enough to work any other instrument. 

Each time the tube cohicres there is a soft hum or buzzing 

sound heard in the telephone, and it is a simple matter 

o signal the Morse code by short and long sounds. This 

coherer is very sensitive, and has been uscd over very 

ong distances. . s 
As the cohercrs already mentioned show how electric 

waves may be detected in wireless telegraphy, there is no 

need to do more than mercly mention one or two other 
orms of detectors. The necessary loose contact is got in 
one coherer by a pointed carbon resting on a slightly 
oxidised stecl surface, while a somewhat. similar plan 
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is to have a ledd electrode resting on a surface of peroxide 
of lead. Another very sensitive detector is obtained by a 
fevolving disc touching lightly on a column of mercury, 
which has on its surface a thin film of mineral oil, All 
*these different inventions come under the heading of 
‘coherers, but there are others in which the action is just 
the reverse, and which therefore go by .the name of ' 
anti-coherers. One anti-coherer consists of a tube 
similarly arranged to the ordinary filings tube, but with 
two little blocks or rods of tin between which there is 
placed a semi-liquid paste, sometimes composed of 
alcohol with tin filings and lead oxide. This paste in its 
normal condition allows the battery current to get across 


’ from the one block to the other, but when electric waves 


fall upon it they produce a chemical action which immedi- 
ately breaks down this bridge and stops the current. 


* Upon the cessation of. the electric waves the paste at 


once returns-to its normal cosidition and allows the battery 
current to again pass. The signals are therefore a sudden 
breaking and making of the battery circuit. If a tele- 
phone receiver is connected to the tube and battery, 
it will be very easy to tell when the battery circuit is 
broken, for there will be quite a loud click heard in the 
telephone. Any person using the ordinary telephone 
may hear the click reférred to by depressing the telephone 
hook or support while the receiver is held to the ear. 
When the hook or support is. depressed the battery 
current is cut off*from the telephone, and it is this stopping 
of the current causing a sudden change in the magnetic 
field of the receiver which produces the click. This will 
be better understood when we come to the-explanation 
of the telephone.in the following chapter. 

The wireless telegraphist has not only invented sensitive 


-.coherers and anti-cohérers; he has constructed other 
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entirely different forms of detectors. The most prominent 
of these is the magnetic detector. To understand this 
invention we must keep in mind that if a piece of soft 
iron is continuously revolved in. front of a permanent 
magnet, the magnetic poles of the soft iron piece will keep 
Changing their position at each half revolution. This 
_ magnetic change requires a little time to take place, so 
_ that the change somewhat lags behind the magnetising 
force as it were, or perhaps it is better to picture a certain 
_ resistance being offered to this change of magnetic poles. 
It was discovered that if electric waves fell upon the iron 
this resistance was almost entirely eliminated, so that 
the magnetic poles could then change places instantly 
as it was revolved. If we have a quickly changing 
magnetic field, then, it will induce or set up an electric 
current in a neighbouring coil of wire. In this way we 
can detect the changes in the magnetic field, for we can 
place a telephone receiver in connection with the coil of 
wire just described. In a modern receiver of this class 
it is found more convenient to replace the revolving iron 
piece by an endless band of soft iron wire. This band is 
kept passing in front of a permanent magnet, the magne- 
tism of the wire tending to change as it passes from the 
one pole to the other. This change takes place suddenly. 
when the electric waves from the transmitting station 
fall upon the receiving aerial conductor and are conducted 
round the moving wire, and as the band is passing 
,through a coil of insulated wire attached to a telephone 
receiver, this sudden change in the magnetic field induces 
an electric current in the surrounding coil and the operator 
hears a sound in the telephone which he has at his ear. 
The Morse code’ may thus be signalled from the distant 
transmitter. 
After describing the first coherer with the metal filings, 
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t I said that the duty of all detectors. was to control a 
© local battery circuit, but this magnetic detector just 
* described is an exception to the rule:. Here we have no 

¥ local battery as used with the coherers and anti-coherers. 

» Are the incoming electric waves, then, supplying the neces-, 
sary etiergy to operate the receiver? No! They are still 
merely-acting asa controlling force, for we are supplying 
energy by moving the iron wire-in front of the magnet, 
and the ether waves from the distant station are merely 
changing the resistance of the iron wire, so-that it may be 
suddenly magnetised and demagnetised. It is. true we 
have not supplied electrical energy by means of a local 
‘battery, but have we not supplied it by a miniature 
dynamo instead ? 

There is another class of detector which I think will 
be of special interest ; indeed, the controlling of these 

’_ detectors by men distant hundreds of miles from them, 
and without any connecting wires, seems more like 

fiction than fact. This detector, which is the last I shall 

mention here, is dependent upon the fact that, when a 
rapid to-and-fro or oscillating current surges in a wire, * 
there is a distinct heating of the wire. When the tem- 

‘perature of a wire is increased its electrical resistance 
also increases, so it only remains to detect this change 
of resistance in a similar manner to the detectors already 
described. When a body is heated it takes an appreci- 
able time to cool down again, so liow is the wire in this 
detector to be got ready for a sécond signal? This is , 

accomplished by making the whole length of the wire’ 

that is to be heated of very small-dimensions, . The, wire . 
. used for this purpose in the receiver, or “ barretter,” 
as it is called, is not as big as a pin’s head ; indeed, it only 

; Measures one-thousandth part of an inch in length, and 

é about, one. twenty-five-thousandth part of an inch in 
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diameter. How can it be possible to make a. wire of 
these tiny dimensions? First of all a silver wire is 
made with a platinum core, and this wire is drawn 
out till a total diameter is about one five-hundredth 
-part of an inch, while the inner core of platinum only 
measures one-fiftieth of this, or about one twenty-five- 
thousandth part of an inch. It only remains to lay 
bare a tiny speck of the inside core, and this is easily 
accomplished by. bending the wire into.a loop, and then 
.dissolving the silver off the very tip by immersing it in a 
strong acid. When the current surges to and fro in this 
conductor it will only heat the tiny speck of exposed 
platinum, for it will have an easy path in the silver wire 
on either side; just as we find in the case of electric 
lamps that the conducting wires do not become heated, 
but that the same current raises the fine carbon filament 
to a white heat. 

Sufficient detail has been given of the various forms 
of wireless receivers to show that the ground already 
covered by inventors is very extensive. In describing 
the different detectors I have ‘purposely ‘omitted the 
names of the inventors, in order to simplify matters 
as much as possible ; but as one so often sees references 
in the daily papers and journals to the different systems 
by name, it may be of interest to briefly mention the more 
important of these. ; 

The Marconi system includes many forms of coherers, 
also the magnetic detector, and many variations of these. 
The Lodge-Muirhead system, while employing similar 

~coherers, has the revolving disc and mercury contact 
as its own special detector. Formerly one sometimes 
read of the Slaby-Arco and the Braun-Siemens systems, 
but these two German couples are now combined together 
under the Telefunken system. This odd-looking’ word 
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really means spark-telegraphy. The special feature of 
this system relates to the methods adopted for sending 
‘out the electric waves. There are two American systems 
very often mentioned, the De Forest and the Fessenden. 
The electrolytic detector with the paste between the 
tin blocks belongs to the De Forest system, while the 
barretter with the speck of platinum wire is one of Pro- 
fessor Fessenden’s inventions. There are many other 
~ names well known in connection with wireless telegraphy 
—Popoff, Jackson, Armstrong, Orling, Dolbear, Stone, 
Artom, Lepel, and Poulsen, being but a few of these. 

Tf one pictures a number of wireless stations at work, 
simultaneously sending out ether disturbances, it does not 
require a very vivid imagination to predict that there 

- will be a possibility of interference between the different 
stations, How will a certain receiver know which par- 
ticular set of electric waves to respond to? This trouble 
does exist, and indeed it forms the most important 
problem to be solved by wireless telegraphists. In the 
early days this-trouble was very marke@. It was quite a 
common thing at the outset for the receivers of one 
system to reply to ‘the transmitters of a rival system. 
This trouble has in a certain measure been overcome, 
in some cases with considerable success, but there is 
evidence that the trouble has not yet disappeared. The 
British Post Office authorities have refused licences to 
some applicants seeking permission to erect wireless 
stations at certain points around our coast, on the ground 
that there would be a risk of interference between the 
proposed station and some other system already licensed. 
in the same district. ; 

The interference difficulty is overcome, as far as 

_ possible, by ‘‘ tuning ’”” the instruments. If we can cause 
e deanerittar ta cot un a definite rate of vibrations in the 
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ether, and arrange a receiver which will respond to that 
particular rate of vibration ae then we have a selective 
or tuned system. 

“In order to tune the. instruments, we must first of all 
control the electric waves sent out by the transmitter. 
We must arrange a definite rate of vibration. This could 
not be satisfactorily done with the éarly arrangement, 
which consisted in merely storing up an increasing electric 
pressure by means of an induction coil, until the insulating 
air gap was forced to break down, whereupon a sudden 
discharge took place accompanied by a spark. This 
was analogous to drawing back a flat metal spring, and 
suddenly letting it go with a bang. There would be a 
certain oscillating motion given to the spring, but the 
bulk of its energy would be spent in the first one or two 
impulses, This system of transmitting ether waves has 
been descriptively named by some “ the whip-crack 
method.” To use still another figure, ‘this system is 
analogous to making a sudden splash in the ether ocean, 
whereas we require to set wp a series of rhythmic ripples 
to have a tuned system. : 

If wireless telegraphists had got no further than 
their first system of transmitters there would have been 

- little hope of commercial success. -The tuned transmitter 
sets up a regular set of definite oscillations in the ether. 
The electrician understands the method of tuning wireless 
instruments, when he is informed that the capacity.and 
inductance of the receiver must be the same as those of 
the transmitter. 

What has been the practical result of tuning in wireless 
telegraphy ?: Two different receivers placed close together 
may simultaneously receive different messages from two 
separate transmitting stations. Again, picture one of our 
battleships with a tuned transmitter on board, while the 


re 
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. receiver corresponding with this transmitter is on another 


vessel five hundred miles distant. Messages are being sent 


_ out to the distant ship, and at the same time another 


differently tuned receiver on board the sending battleship 
is picking up messages from a third vessel within close 


_ Tange. This.is an immense advance. beyond the capabilities ° 


of the original untuned system. A receiving instéiment 
is, of course, sheltered from the influence of the trans- 
mitter at its own station. 

In order to set up-as energetic electric waves as possible, 
there have been many methods, devised at the trans- 
mitting: stations. If we picture the two metal: balls or 
spheres between which the electric discharge takes place, 
we can then think of a wire being attached to one ball 
and carried up into the air to a height of two hundred 
feet or more, while another wire is connected to the 
second ball and led to earth. One method is to erect a 
simple wire on a pole, another is to support a regular 
network of wires from strong steel towers ‘built to a height 
of over two hundred feet. Sometimes the wires have 
been arranged like a great inverted pyramid, while one, 
system employs a great sheet-iron tube, like a factory” 
chimney, reaching a height of over four hundred feet. 

It was only when one of the conductors, in the trans- 
mitter was tonnected to earth that long distance trans- 
mission became’ possible. Only a few miles. could- be 
spanned by the true “ Hertzian waves ” previously used ; 
these electric waves called after Hertz were produced with- 


‘out any earth connection. Waves of this class would 


tadiate out into all space, whereas those set up by a 
grounded transmitter, with the receiving instrument 


' similarly connected to earth, would at least keep within 


the immediate neighbourhood of the earth. Many 
attempts have been made to direct these electric waves 


fea de®; 
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and send them out in one particular direction, and some 
success has been reported. : 

In reading any account of the doings of wireless 
telegraphy one is sure to come across the word “ an- 
tenna.’’ Possibly one has previously fallen in with 
this word in connection with insects, whose -tiny horns 
or.feelers are called their “ antenne.” The ‘électrician 
uses this same word as being descriptive of his aerial 
wire or feeler at the receiving station. This aerial wire 
serves also for the transmitter, in which case it might 
be termed an emitter, but as the erection is common 
to both the transmitter and receiver it is convenient 
to let the word antenna simply stand for the aerial 
erection. . 

For distances up to about two hundred miles a storage 
battery and an induction coil are sufficient .to produce 
the necessary ether disturbance, but where a greater 
distance has tg be spanned, then a steam engine and 
dynamo are called into play in order to supply a greater 
energy -for the electric waves.. One of the transatlantic 
stations is equipped with a plant of over two hundred 
horse-power. 

In the most recent Marconi transmitter, and in the 
Lepel and Poulsen systems, the current produced is no 
longer in the form of intermittent sparks, but. is a true 
alternating current which, in general, continues uniformly 
as long as the key is pressed down. The result is a con- 
siderable economy in the power required for a given 
range of communication, and a greater possibility of 
accurate tuning. 


CHAPTER VII 


Daan 


REPRODUCING SOUND AT A 
DISTANCE 


Transmission of sound througlfair, water, and metals—The string telephone— 
The principle of the electric telephone—No sound transmitted—Telephone 

- exchanges--Automatic exchanges—Trank lines—The difficulty of sub- 
marine telephony—Wireless telephones. 


\ r J E are all well aware that when a body produces or 


emits a sound such body must be in a state of 

vibration in order to disturb the surrounding 
air and set up similar vibrations in this gaseous medium, 
which in turn strikes upon the drums of our ears and 
causes certain sensations. 

We know that the air is composed entirely of gaseous 
particles or molecules of gas, which vibrate to and fro 
when disturbed by a vibrating body. Each little mole- 
cule has, as it were, to nudge its neighbour into 
motion, so it is natural that the energy thus trans- 
mitted takes time to, travel to a distance, and on its 
way it will be gradually dissipated into other forms of 
“energy. . 

Man had long recognised that air was not the only 
conductor of sound, and that it was indeed a very poor 
conductor when compared with water or metal. The 
speed at which sound travels through water was care- 
fully determined by experiments made, in 1826, in the 
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Lake of Geneva. An ordinary bell when sounded under 

‘ water could be heard at a distance of eight or nine miles 
by placing a large ear-trumpet in the water at the distant 
place. It has been suggested of late years to make use 
of, such an arrangément for communication between 

. ships, but the reason for referring to the mattgr here is 
‘merely to make it quite clear that man ha® definite 
knowledge of the propagation of sound through water. 
It was then quite natural to test the velocity of sound 
through solids, and it was determined that sound would 
travel fifteen times quicker through stgel than it would 
through air. “This gave rise to the scientific toy Called 
the string telephone, and later to a practical telephone 
which was entirely mechanical, and consisted of a steel 
wire tightly stretched from one sounding disc to another. 
_I remember seeing telephones of this class in. use in 
public works, for communicating from one building 
to another. The distance over which such telephones ° 
can be used is very limited, for the energy of the sound 
is very quickly dissipated in moving the molecules of 
the steel wire. 

The word telephone simply means an instrument 
for transmitting sound to a distance, ‘but we now asso- 
ciate the word with the electrical transmission of speech. 
The telephone consists, like the telegraph, of two distinct | 
parts, a transmitter and a receiver. The fundamental 
principle of the telephone is to control a battery current 
by means of sound vibrations and reproduce similar 
sound vibrations at a distant place. At first only musical 
sounds could be transmitted, and even when Sir William 
Thomson (Lord Kelvin) introduced Grzham Bell’s 
speaking telephone to the British Association meeting 
in Glasgow in 1876, it was looked upon more as a scientific 
toy than a thing of practical use. 
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‘In order to simplify matters I shall not describe 
any of the “earlier telephones, but pass on to the tele- 
phone of to-day, I shall presume that the reader only 
desires to know how the telephone works, without 
learning all the details of wiring, etc. In the transmitter, 
or speaking part, there is a small circular disez0f metal’ 





Fic. 9,—THE PRINCIPLE OF THE TELEPHONE 


The current from the battery (B) passes through the powdered carbon in 
the transmitter (T) and goes over the line wire to the distant receiver (R). 
The current is controlled by the vibrations of the transmitter, and the re- 
sulting current controls the little iron disc or diaphragm in the’ distant 
receiver, as explained in the text. 


about the same thickness as the leaves of this book. 
This metal plate, or diaphragm, will vibrate under the 
influence of ordinary speech, while in the receiver, 
or hearing part of the instrument, there is a similar’ 
metal diaphragm, which may be caused to vibrate in 
exact unison with the distant speaking disc. In the 
old string telephone the two discs vibrated in sympathy 
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with each other, because a tightly stretched string or 
wire conducted the vibrations from the one disc to the 
other. In the modern telephone the speaking disc 
controls an electric current, and the resulting current 
-arriving at the distant receiver controls the other disc. 
. When the speaker lifts the telephone receiver off its 
hook, or support, a battery current is autoBiatically 
switched on to the line wire connecting his: telephone 
to the distant one. This current on reaching the distant 
receiver passes round a small electro-magnet, in front 
of which is placed the thin sheet-iron disc. As long as 
a steady current flows around the electro-magnet it 
merely produces a steady attractive pull on the iron 
disc, arid there is therefore no vibration. If, however, 
the current is made to vary, then the disc vibrates, 
under the varying magnetic force, and’ a humming 
sound is produced. It .only remains to control these 
vibrations by controlling the current from the distant 
end of the wire. In the distant transmitter the battery 
current has to pass through a small box of finely granu- 
lated carbon before reaching the line wire. In passing 
through the carbon the current meets with considerable 
resistance, because of the innumerable loose contacts 
through which it has to make its way. If these particles 
of carbon are pressed more firmly together, it is natural 
that the current can then more easily get through from 
one to the other. It is therefore arranged that the 
speaker speaks against a thin metal disc which forms 
one side of the box containing the carbon, and as this 
disc vibrates in sympathy with the speaker's voice, 
it controls the battery current passing through the 
carbon powder. We therefore have an ever-varying 
electric current passing along the line wire, and when 
it reaches the distant station it energises the: electro- 
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magriet it the receiver and sets up vibrations in the 
metal disc, which the person at that end has placed 
close to his ear. This little disc exactly imitates the one 
at the sending station ; and as the sending disc is moving 
with the air vibrations representing speech, so the 
receivirig disc again sets up these air vibrations which, 
when interpreted by the listener’s sense of heating, are 
recognised as speech. Undoubtedly the most ‘Temark- 
able thing about the telephone is that a flat metal disc 
can give to the air similar complex vibrations as we do- 
with the aid of all our human speaking apparatus. 
There is no doubt that the accomplishments of the little 
imitative diaphragm fall somewhat short of the original 
vibrations produced by our human speaking apparatus.. 
One has really to fill in more blanks than one imagines 
in a telephone conversation. This, no doubt, accounts 
for the difficulty some people find when using the tele- 
phone for the first time. 

- We now picture the diaphragm in the transmitter 
performing a myriad of ever-changing vibrations, while 
the electric current under its control is varying in a 


corresponding manner, and at the distant end of the 


line is causing the receiving disc to ‘imitate the 
vibrations of the transmitter disc. It is quite 
evident that no sound passes along the wire, but 
merely an electric current controlled by sound at the 
one end and reproducing sound at the other end of 
the line. : 

A pair of telephone instruments permanently con- 
nected together provide communication between two 
definite places, but it was early recognised that if a 
person in one part of a city could speak to any other 
person in the city who had a telephone, then it would be 
a much greater advantage. This was easily arranged, 
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“for it.only meant bringing all the telephone wires to one. 
central office or exchange, where any two wires might 
be connected together temporarily. *As the telephone 
instruments and lines are rented annually from the 
‘Telephone Company, the parties thus hiring the tele- 
phones are called the subscribers. All the subscribers’ 
telephone wires therefore terminate at the change. 
A very convenient way of making a temporary connec- 
tion between one wire and another is to fasten a metal 
plug to the one wire and a metal socket on to the other 
wire, such as the movable plugs used in houses for con- 
necting portable electric lamps, etc., to the electric 
mains. As it is necessary to be able to connect any 
‘two of the telephone wires together, it is more convenient 
to fix a socket to the end of every wire, and then use a 
short length of flexible wire, having a plug at each end. 
By placing one plug into the socket of one telephone 
wire and the other plug into the socket of another sub- 
scriber’s wire, these two subscribers’ telephones are 
then directly .connected through to each other. As 
telephones are now arranged with a return wire instead 
of using an earth connection as in the telegraph, it 
is necessary to carry two wires from each instrument. 
There are therefore two wires fixed to the socket, each 
wire being insulated from the other. The plugs and 
the flexible cords are similarly arranged with two separ- 
ate wires, and when the plugs are inserted in the sockets, 
the pair of wires are connected in such a way that there 
is a complete metallic circuit from the one telephone 
instrument to the other and back again. ‘One wire only 
was at first used, the ends being earthed; but it was 
found that the current in one overhead wire was apt to 
set.up or induce a similar current in a neighbouring wire, 
and this was more easily got rid of by making a com- 


SHANGHAI TELEPHONE F TANGE 


In the Telephone Exchange at Shanghai the operators are Chinese 


boys, who have p v s. The method of making 
connections i 
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“ plete metallic circuit. To simplify the description of the 
telephone exchange as much as possible, it is well to 
think only of one wire connecting the two telephones 
together. : 

The operator at the exchange may easily connect © 
any two subscribers together, but every subscriber 
must be able to communicate. with the operator and 
inform her of the number he desires to speak to. Each 
subscriber, of course, has a number given him, these 

_ numbers being stated in a telephone directory. If there ° 
awere only a very few subscribers, say, from fifty to a 
hundred altogether, then one operator could attend to 
them all and make the necessary connections and dis- 
connections. In some exchanges, however, there are 
as many as from five to ten thousand subscribers’ lines 
to look after; it is therefore neccssary to have a large 
number of operators. Each operator will have from 
eighty to a hundred subscribers to attend to, but she 
must’ be able to connect these subscribers with any 
other number in the whole exchange. The ends of all 
the wires are fastencd off in small sockets arranged on a 
table or upright board in front of her. She can easily 
reach’ any part of this board without rising from her 
seat, as the sockets are made small and are very com- 
pactly arranged. This operator may therefore, by 
taking a flexible wire and two plugs, connect any two 
of these sockets together. She will, however, find her 
timie well occupied in attending to the requests of the 
eighty subscribers yho may communicate with her 
and ask her for any other subscriber in the exchange. 
All the sockets in the board are, of course, numbered, 
but when the operator receives a call from one of her 
eighty subscribers, whose number may be 1563, it will 
necessitate her locating that number before she can 
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get in connection with him to ask him what number 
he desires. It is therefore more convenient to arrange 
eighty other special sockets close beside the operator, 
and to carry @ branch line from No. 1563 and her other 
subscribers to these sockets. These are’ termed the 
“answering jacks,” the word jack or spring-jack being 
given to the small sockets. Each of an operator's eighty 
subseribers has therefore an answering jack in addition 
to the ordinary jack, and it will be more convenient to 
connect the flexible wire from one of these answering 
jacks to the number called for in the board. How is 
the operator te know when one of her subscribers desires 
to speak to her? There is a tiny electric lamp placed 
immediately under cach of these answering jacks, and 
when the distant subscriber desires to! call the operator's 
attention he lifts down his telephone off its support, 
and then depresses a push-button, which causes the 
tiny lamp opposite his answering jack to light up. In 
some cases it is arranged that the lifting of the telephone 
itself switches on the lamp, thus saving the subscriber 
the trouble of pressing the push-button. When the 
operator sees the lamp light up she places one end of a 
flexible wire into the answering jack, and by means of a 
small lever she can temporarily connect this wire to her 
own telephone instrument, the receiver of which is always 
to her ear. As soon as she learns the number of the 
subscriber wanted she switches off her own instrument 
and places the other end of the flexible wire into the 
jack or socket of the number called for. The calling 
subscriber is now directly connected through to his 
friend with whom he may converse. When he has 
finished his conversation and desires to have his tcleplione 
disconnected, how is‘he to call the operator's attention ? 
This is very simply arranged. When she made the 
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connection with the calling subscriber’s answering jack 
the signal lamp went out, but there is another lamp 
which represents the flexible wire. This lamp is net 
lighted during the conversation, not until the subscriber 
again depresses his push-button, whereupon this second 
signal lamp glows, and the operator knows that she 
may remove the flexible wire which was used in making 
the connection. Jt is sometimes arranged that, when 
the subscribers both place their telephones back upon 
their hooks or supports, this signal lamp is automatically 
switched on, This automatic arrangement is good, 
for otherwise it often happens that a subscriber forgets 
to call off when finished, so that he is believed to be 
engaged when he may have finished some time pre- 
viously. 

We now see how one operator is able to connect eighty 
subscribers to any other subscriber they desire; but 
what about the thousands of other subscribers? There 
is nothing for it but to have another operator for every 
eighty subscribers. It is clear that they cannot all sit 
in front of the board just described. Only three opera- 
tors can work at this board without being much in 
each other’s way, so it will be necessary to have another 
duplicate board for every three operators. The whole 
board is therefore called a multiple switchboard. Branch 
lines are run from each socket in the first board to similar 
sockets in the next board, or perhaps a better mental 
picture is to think of one subscriber’s telephone line 
coming in to the exchange and passing right along through 
all the boards, being mercly tapped at each board by a 
socket, just as onc might have a number of watcr taps 
on one length of pipe. Each operator may now connect 
any of her eighty calling subscribers with any other sub- 
scriber, but here arises a difficulty. How is she-to know 
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that no other operator has already connected some one 
else to the number she is asked for? Smith speaks to 
his operator at the first table and asks by number for 
Jones, and while they are speaking Brown asks his 
cperator, who is at a different table, to connect: him to 
Jones, What is to prevent the second operator from 
connecting Brown to Jones, although he is already 
speaking to Smith? Fortunately the operator can at 
once tell whether or not the line called for is already 
engaged. Before inserting the connecting plug she 
touches a small metal ring at the mouth of the jack or 
socket of the number called for and if she hears a loud 
click in her telephone she knows that the line is en- 
gaged, and she at once infortns the calling subscriber 
of this fact. This click may be heard any day at 
an ordinary telephone by depressing the telephone 
hook or support while holdirig the telephone to the car. 
This cuts off the battery current, and a click will be again 
heard when the telephone support is allowed to spring up, 
thus switching on the current. This click is due to the 
sudden making or breaking of the battery circuit. The 
little rings at the entrance to the sockets of ‘one sub- 
scriber are all- connected together by a wire. When 
the operator touches one of these rings with the wire 
from her own telephone no current will pass, as long 
as the subscriber’s line is free, and there is therefore no 
click. If, however, any one of the jacks belonging to 
one subscriber is in use, the plug in it causes this 
wire to be connected to an earthed battery, so that 
if any other operator now touches one of the jacks 
or sockets belonging to .this number she will at once 
hear a click in her telephone, as the battery current 
will get to carth through her telephone. She there- 
fare makes no further connection hut infarme tha call. 
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ing subscriber that the number he asked for is already 
etlgaged., ; 

It may be of interest to note, in passing, that in the 
United States there are several large telephone ex- 
changes in which the services of the human operator are 
dispensed with entirely. The connections and dis- 
connections are all made by inanimate automatic: sedec- 
tors, which are controlled ‘by “the subscriber himself; 
so that he is able to connect his own instrument with 
any other instrument he desires, provided the number 
desized is not engaged. If a number is engaged, and a 
subscriber endeavouTs to connect his instrument to it 
also, le hears"a distinctive. sound in his inssrument 
which signifies that the desired line is engaged, and 
it is impossible for him to connect to this line until jit 
is free. 

One can not only speak by telephone to any part of 
a large. city, but to other far-distant cities, and even 
from Great Britain to different parts of the Continent 
of Europe. The Londoner may converse’ with the ' 
Parisian although separated from each other by a long 
stretch of land and sea. The extent of the sea to be 
spanned is the main factor in determining the possible 
distance to which one may speak. As long as telephones 
are connected by bare overhead wires, conversation 
may be quite conveniently carried on over a distance of 
a thousand miles and more, but when it is necessary to 
enclose the wire in an insulated cable, whether placed 
under the ground or sea or not, it is quite a different 
matter. The greatest expanse of sca that has been 
successfully spanned so far will not exceed fifty miles: 
A simple relay or repeater such as is used with telegraph 
instruments is of no use for a telephone. The telegraph 
current Is a make and break arrangement, whereas the” 
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telephone current is a much more delicate and ever- 
varying or undulatory current, Can nothing be done 
to intensify the telephone current 2 Every telephone 
Current’ is intensified before jt leaves the transmitter, 
by passing through an induction coil, the principle 
Of which will be explained in the following chapter. 
It is not very convenient, however, to introduce induc- 
tion coils inside a submarine cable. Some interesting 
experiments have been made by the clectricians of the 
British Post Office with a long stretch of cable on land, 
A cable which could only carry speech a distance of 
sixty-six miles was so improved by the introduction of 
an induction coil at every mile, that when thus arranged 
it was possible to converse through one hundred and 
seventy-six miles of the same cable. We still await 
some practical method whereby @ cable may be made 
“to carry telephone currents across the Atlantic, 

It is not easy to grasp the full meaning of this diffi- 
culty in transmitting telephone current through a 
long insulated cable. This difficulty has already been 
referred to, but the trouble is increased when instead 
of the telegraph current we substitute the delicate 
telephone current. The trouble is due to the fact that 
when an electric current passes along a cable there is 
not only the effect produced in the conductor, but also 
in the neighbourhood Surrounding the wire. We may 
picture the current in the wire setting up or inducing 
another current or electric charge in the sheathing of 
the cable or in the surrounding surface of the sea-water 
itself. This induced charge attracts the current being 
sent along the wire and thus Tetards it, so that it is 
partly dissipated and arrives in a very much weakened 
condition. Perhaps a more correct mental. picture, 
though not so picturesque, is to think of the moving 
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current setting up an clectro-magnetic disturbance 
in the ether around the cable, and it is clear that in so 
doing it must expend some of its initial energy. This 
troublesome property of a cable is due to its capacity, 
and while this may be balanced to a certain extent 
for a telegraph current by adding condensers at eitlfer 
end of the cable, this will not’ avail in connection with 
delicate telephone currents operating sensitive instru- 
ments, When a submarine telegraph cable is connected 
to condensers the cable is not directly carthed. It is 

_ just as though the cable was connected to a metal plate 
at each end and left insulated from the earth, but another. 
plate is pkeced very near to the first plate, and this second 
plate is connected to earth. With an arrangement of 
this kind it is found that the signals are very much im- 
proved, so that as far as telegraphy is concerned the 
difficulty has been overcome and the signals kept quite 
clear of cach other, It is only reasonable to suppose, 
however, that the telephone current which we may 
picture as a gentle ripple of waves, in contradistinction 
to the telegraph splash, is more easily affected by the 
retarding effect, so that the controlling current becomes 
distorted and quickly dissipated. 

The long-distance telephone lines connecting distant 
towns together are called trunk Jines, and the trans- 
mittirig power of these is so good that sometimes when 
one is conversing with a man distant many hundreds 
of miles, it is diffeult to realise that he is not really 
quite close at land. 

_ [ rémember on one occasion after travelling by the 
2 p.m. express: train from Glasgow to London, I desired 
to communicate with my home, which is in a country 
district distant more than four hundred miles from 
London. On-reaching my hotel about 11 p.m., I gave 
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the required number to the telephone operator, and in 
less than two minutes I was speaking through to my 
home. Of course, in the daytime during business hours 
one has to wait one’s turn.as the number of trunk lines 
is limited. . 


CHAPTER VII » 
WIRELESS TELEPHONY 


First wireless telephone—Speaking along a beam of light—Induction method 
with parallel cireuits—-Practical ions-- ‘Attempts to telephone with 
the spark-telegraphy system—Dispensing with the spark-gap—Transmitters 
with an electric are—A modern system-~-The distance already spanned— 
Interference or cross-talk difficulties—Professor Ayrton’s early prophecy. 








existed long before any wireless telegraph experi- 

ments were made. Very shortly after the invention 
of the telephone it was discovered that speech might 
be transmitted along a beam of light. The disc or 
diaphragm of the transmitter was a thin plate of silvered 
glass or mica, forming a flexible mirror. A powerful 
beam of light, ¢lectric or sunlight, was thrown upon 
this little mirror, and from there it was reflected to a 
distance, firsf of all passing through a lens which focused 
the light into a beam of parallel rays. This beam of 
light fell upon the distant receiving apparatus, in which 
was placed a selenium cell. Sclenium has a well-known 
and peculiar. property; its resistance to the passage 
of an clectric current through it varies according to the 
amount of light falling upon it. The more light, the 
more current passes. Hence when the little flexible 
mirror diaphragm is made to vibrate by the speaker’s 
voice it alters the light falling upon the distant selenium 
receiver, and this controls a battery current passing 
through a telephone receiver. In this way the 


[' is of interest to note ‘that a wireless telephone 
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movements of the transmitting disc, the mirror, are 
imitated by the disc in the telephone receiver, and the 
-speech is reproduced. This is true wireless telephony, 
and has been employed in speaking from shore to ferry- 
boats in the United States, but it is quite apparent that 
the possible distance of transmission is very limited. 

Another obvious method of wireless telephony is by 
induction. When using the ordinary telephone a sub- 
scriber’ sometimes complains to the exchange operator 
that some other line has “ got mixed up” with his, as 
he can hear conversation between other two parties. 
When the operator informs him that it is merely cross-. 
talk which he hears he is probably somewhat mystified, 
and in any case he is annoyed by the continuance of 
this cross-talk conversation. Of course, what is occur- 
ring is beyond the control of the operator; it is the 
result of the varying current in one party's current 
inducing a similar current in another party's circuit. 

A practical system of wireless telephony has been 
adopted upon this plan, which is really the same as 
Sir William Preece’s wireless telegraph system with a 
telephone transmitter in the sending circuit. Preece 
made use of this wireless telephone system to establish 
communication between the lighthouse on an island (the 
Skerries) off the coast of Anglesey. At this point on the 
coast the sea bottom is excecdingly rough, and the tidal 
currents are so great that it was useless to attempt to 
lay a submarine cable. 

The distance between the island and the mainland is 
about two and three-quarter miles, and it was found that 
when a comparatively short wire, of Iess than half a 
mile, was ran along the island, and a parallel wire of 
about three and a half miles in length was erected on the 
mainland, a good inductive effect was obtained between 
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these two distant circuits. The people on the island 
could converse with those on the mainland, although 
nearly three miles distant from one another. The fact 
of being able to use a telephone instead of a telegraph, 

with its accompanying code, was a distinct advantage. § 
This installation is still in use, as also is a similar installa- 

tion for transmitting wireless signals between the Rathlin 

Isle and the Irish coast. The distance spanned in this 

case is nearly eight miles, while the line on the island 

js rather more than one mile in length, and that on the 

mainland about five and a half miles. It is obvious, 

however, that the distance over which this parallel wire 

system may be used conveniently is very limited. 

Experimenters naturally turned their attention to the 
spark-telegraphy systems, which haye been described 
in chapter vi. In some experiments an arc lamp was 
used as the variable transmitter, but while it was found 
possible to transmit musical toncs, all attempts at 
reproducing speech gave very poor results. Many 
similar plans, to control a spark discharge by sound, 
have been tried, and with more rapid sparking arrange- 
ments much better results have been obtained. Recent 
advance, however, has been made in dispensing with a 
spark gap, and causing the sound merely to vary a 
continuove emission of ether waves, produced by rapid 
electric oscillations in an acrial wire. 

One system, based on the foregoing principle, 
devised by Professor Fessenden of the United States. 
In this a microphone transmitter was placed in the 
path of the surging current which sets up the ether 
waves, so that as the microphone varies the wavye-produc- 
ing current varies in sympathy with it. As early as 
31903 the National Electric Signalling Company (U.S.A.), 
working Fessenden patents, undertook to equip wireless 
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telephone installations “ guaranteed up to distances of 
25, 50, and Ioo miles.” 

We have seen already that the electric are was used 
as a transmitter in the attempts at spark telephony, 
but without success: When the electric arc, however, 
was introduced as a producer of continuous waves great 
progress was made and practical wireless telephony was 
established. 

We need not trouble with many details, but a general 
idea of a modern installation of wireless telephony will 
be of interest. A special arc is used, and this is surrounded 
with ordinary coal gas in place of air, while means are 
adopted to keep the are well defined and constant. 
This is enclosed in a box with a cooling apparatus. If 
several arcs are used in scrics the power of transmission 
is increased. The microphone transmitter is placed in 
a battery circuit, and the variations in this circuit 
induce changes in a neighbouring circuit in which is 
placed the are which acts as a generator of alternating 
current of very high frequency. This electric current, 
varying in sympathy with the sound vibrations in the 
first circuit, induces electric oscillations in an aerial 
wire, which has one end earthed and the other extending 
upwards into the atmosphere. These electric oscilla- 
tions in the aerial wire disturt the surrounding ether of 
space, and send out electric waves. Those electric waves 
arriving at the distant station are absorbed by the re- 
ceiving aerial wire and affect a suitable detector (an 
electrolytic cell), and confrol a local battery current 
which operates an ordinary telephone receiver, in which 
the original sound is reproduced. 

It is now possible to speak over a distance of nearly 
two hundred miles by wireless telephony, and it is of 
interest to note that the United States Navy, after an 
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exhaustive trial, have ordered twenty-cight sets of wireless 
telephones capable of speaking over distances up to 
twenty-five miles. It is obvious that the greater the 
distance required to be spanned the more powerful 
does the gencrator require to be. 

It is apparent that wireless telephones will be subject 
to cross-talk, but this difficulty is being fought by the 
adoption of “tuning,” of which we have seen the general 
principle in chapter v1. 

Who knows but Professor Ayrton's humorous pro- 
phecy may be fulfilled at some future time? In 
the first days of wireless communication the learned 
professor spoke of a time when, “ if a person wanted to 
call to a friend, he knew not where, he would call in a 
loud electro-magnetic voice, heard by him who had the 
electro-magnetic ear, silent to him who had it not. 
‘Where ate you?’ he would say. A small reply would 
come, ‘Iam at the bottom of a coal mine,’ or ‘ crossing 
the Andes,’ or ‘ in the middle of the Pacific.’ Or perhaps, 
in spite of the calling, no reply would come, and the 
person would then know his friend was dead | ” 


: ; CHAPTER IX 


HOW INDUCTION COILS WORK 


The meaning of “induction —An early telephone trouble—Sir William 
Presce's system of wireless tele raphy —Self-induction ~ The general 
principle of the induction coil—What we gain -Make and break arrange- 
ments—:\n analogy—The construction of an induction coil~The use of 
the condenser —\ simple analugy --Why the resulting current is not an 
alternating one— Uses of induction cvils. 





N our every-day life we are quite at home with the 
verb fo induce; we do not require to consult a 
dictionary to learn its meaning. When we are 

informed that a man has been induced to go to a certain 
town, say for some public purpose, we do not picture 
the man being taken there by force. We may think of 
him having some difficulty in acceding to the request, 
but when outside influence is brought to bear upon him 
he is induced to go. 

We have a somewhat analogous idea when we speak 
of one body inducing electricity in another body. If it 
be an electrically charged body we mean. that its very 
presence will induce a complementary charge upon 4 
neighbouring body. Hf we are speaking of a wire circuit 
with an intermittent clectric current flowing in it, we 
may say that the current induces a complementary 
electric current in a neighbouring and parallel circuit. 

Tt is natural that we should use the word induction 
to distinguish such results from mere conduction. In 
the latter case we conduct the electric current from one 
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body, by means of a conductor, to a second body, whereas 
in the former case we induce an electric current in a 
circuit with which we have no material connéction. 
That there must be a medium for all communications goes 
without saying, and in the case of electric induction the 
medium is the all-pervading ether. : 

Sometimes induction takes place accidentally between 
two circuits. In the early days of the public telephone 
service, the telephone engineers were troubled very much 
with induction difficultics. On one occasion some 
subscribers in London complained of clicking sounds in 
their telephones, and these noises became very annoying 
during a conversation. It was found that these sub- 
scribers’ lines passed along a certain street under which 
some telegraph cables were laid, and there could be no 
mistaking the cause of the annoying clicks ;_ they were, 
undoubtedly, the Morse telegraph signals. The telephone 
wires were on poles on the top of high buildings, while 
the telegraph wircs were in cables buried in the earth, 
and yet the intermittent current in the one wire induced 
assimilar current in the other distant wire. 

When dealing with the subject of wireless telegraphy 
I made no mention of Sir William Preece’s system, 
although it was the first in the field, because it is based 
upon a different principle from the systems now in use, 
but a brief description of it may be of interest at this * 
point. 

Preece’s wireless telegraph system is dependent upon 
this phenomenon of induction which we are considering. 
Just as the Morse signals were transferred accidentally 
to another parallel circuit in the case stated, so Preece 
endeavoured to send such signals over a much greater 
distance. The sender had a long straight wire, which, 
unfortunately, had to be about as long as the distance 
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over which the signals were to be transmitted. The 
sender had a convenient means of making and breaking 
the flow of an electric current in this long line, which, 
of course, was carthed at-both ends, The distant re- 
ceiver had a similar long parallel wire, and in circuit 
With it he had an ordinary telephone receiver. When 
the sender set up a momentary current in his long sending 
wire, the operator at the receiving end heard a distinct 
click in his telephone, and by such means ft was found 
possible to signal the Morse code over a considcrable 
distance without connecting wires. But from the amount 
of wire required one can hardly call this a wireless system, 
It is obvious that if we must increase the length of the 
two distant wires, with the increasing distance separat- 
ing them, there is nothing to be gained unless in’ very 
exceptional circumstances, such as in signalling across a 
gulf without laying a submarine cable.- . 

Some one might suggest that the long parallel wires 
should be rolled up in the form of coils, and placed 
parallel to one another. This, however, would alter the 
condition of things entirely. The disturbed ether would 
react upon the current in the sending coil and the trans- 
mitting energy would be baffled. This condition of 
things is known as selj-induction. Before we can have 
action between the coils they must be close to one another. 
We have a practical application of such an arrangement 
in the induction coil. 

In these days of X-ray work, almost every one has 
some acquaintance with an induction coil. Probably 
some of us have youthful recollections of electric shocks 
dealt out by small toy induction coils. 

The general principle of the induction coil will be seen 
in the following diagram, Fig. 10. 

By an induction coil we mean « machine by which a 
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current of electricity in one wire or coil, will induce a 
similar current in a second and separate coil. One may 
naturally ask what advantage is to be derived by doing 
this. The result of a preliminary experiment seems ~ 
rather disheartening. We fit up two coils, connecting 
one to a battery, and we place the second coil near it, 
this coil being attached to an instrument for detecting 
the flow of a current. The diagram (Fig. 10) shows this 
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When the push (P) is pressed a current flows through coil No. rt from the 
battery (B), and at the making and breaking of this current an electric current 
is set up in coil No. 2, which is quite separate, This mduced current is 
detected by the galvanometer (G). 


simple arrangement* with a bell-push inserted between 
the battery and No. 1 coil, so that we may conveniently 
switch off and on the current at will. 

We know that as soon as we press the push a current 
will flow in No. 1 coil: We press the button, and watch- 
ing the detecting instrument in the other coil, we see its 
indicator fall to one side, showing that a current of 
electricity has been set up in No. 2 coil, and it is clear 
that this current must have been produced by induction 
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from the battery current in No. 1 coil, as there is no 
connection between the two coils. Still keeping a finger 
on the push, we notice that the indicator has gone back 
to zero, showing that the current is no longer flowing in 
No. 2 coil, although the battery current is still flowing in 
No. 1. When we let go the push, we notice the indicator 
in No. 2 coil move once more, but this time in the opposite 
direction, and .by repeating the experiment we find that 
every time we make or break the battery current in 
No. 1 coil a momentary current is set up in No. 2 coil. 

We may leave the current produced at make out of 
account altogether, for reasons which will be explained 
later. We need only remember that each time we press 
and let go the push in No. r coil a momentary current is 
set up in No. 2 coil. The quicker we press the push the 
more of these transient currents do we set up, and if we 
could make them follow very closely at each other’s heels, 
they would make practically a continuous current.* 

We cannot hope to operate a bell-push rapidly enough 
to get this effect, and so automatic contact breakers are 
required. The induction coil may be made to do this 
itself, or if may be mechanically done by a small motor, 
but first of all we wish to see what advantage an induc- 
tion coil is going to give us. 

We may imagine No. 1 coil sending out electro-mag- 
netic waves in the ether, and these waves, as they fall on 
coil No, 2, setting up a current in this coil. It is the 
changes in this field of influence which give rise to the 
induced current, for as long as the battery current keeps 
up a steady influence, no current is induced in No. 2 
coil, but only when the waves are being set up or with- 

* If the momentary currents follow each other at the rate of twenty per 


second the result would be a practically continuous current, so all we have to 
do is to find a means of breaking the batlery circuit twenty times per second. 
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drawn does the current appear in the neighbouring coil. 
The more of these waves or lines of force we can entrap 
the better result we get, and we find the effect increased 
for every turn of wire we add to No. 2 coil, so we make 
this coil of very fine wire in order to get a great many 
turns into the field of influence. If we made the two 
coils exactly alike we should gain nothing, and even now 
we cannot hope to increase the amount of electricity, 
but we may alter its condition. We may think of the 
battery current in No. 1 coil as an casy-flowing current of 
considerable volume, while in No. 2 coil we have a small 
current at a very great pressure. It is difficult to find any 
convenient analogy, but I think one may liken the pro-. 
cess to that of a mechanical lever. A workman wishes to 
move a large stone, but finds it too heavy. He gets a 
simple bar of iron, and putting one end under the stone, 
he places sdme obstacle under the bar or lever near to the 
large stone, and then applying his energy to the free end 
of the lever, he finds he can easily move thé heavy stone. 
From whence did he get the increase of power? Energy 
cannot be ereated by a simple iron bar or by any other 
means, but it is apparent that the workman moved the 
free end of the lever through a far greater distance than 
the stone was moved, so that he merely concentrated his 
energy. We might speak of the energy he put into 
several fect of movement being concentrated into several 
<inches, and this may serve as a rough analogy of what an 
induction coil does: it cannot increase the energy, but it 
concentrates it, and we have a very high voltage or 
pressure, sometimes reaching over a million volts. A 
single battery cell gives a pressure of from one to two 
volts. | : 

When the principle of an induction coil is once grasped, 
+he construction is readily understood. No. 1 coil, which 
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is the battery circuit, is called the primary coil or circuit, 
while. the coil in which the current is to be induced is 
called the secondary circuit. The electro-magnetic effect 
of the primary coil is increased enormously, by placing 
a, piece of iron inside the coil. A bundle of iron wires 
is used, as they magnetise and demagnetise quicker 
than a solid piece of iron does. The battery or primary 
circuit is wound around this bundle of wires, the coil 
being, of course, carefully insulated, or otherwise the 
current will not go round and round the coil as is desired. 
One may always think of the insulation being to the 
current what a pipe is to water or gas. The two ends of 
this primary coil are connected to the battery, tltere 
being a contact breaker inserted between one end and 
the battery, as was represented in the diagram (Fig. 10) 
by the bell-push, The secondary coil of very fine wire 
is wound directly on the top of the primary coil, but very 
carefully insulated frem it, and its two ends are left free, 
being merely finished off in convenient terminals, so 
that any desired piece of apparatus may be connected 
in circuit with this coil. 

As already indicated, the contact breaker may be 
worked by the induction coil itself, for the bundle of iron 
wires, becoming a magnet whenever the battery current 
flows round them, may be made to attract a piece of iron 
attached to a spring, which, when attracted forward, 
breaks the path of the current from the battery. 

Immediately the circuit is broken the bundle of iron 
wires lets go the spring piece, which, coming once more to 
its normal position, allows the current again to pass, 
whercupon the spring is again attfacted forward, and so 
the make and break is kept up continuousty. The motion 


is exactly that of the gong-stick in an ordinary electric 
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spring that causes the monotonous hum in the air when 
an induction coil is at work. ; 

The breaking of the battery circuit might be accom- 
plished by turning a wheel round, having contact pieces 
-at intervals on its periphery, and indced this method was 
employed prior to the automatic arrangement just 
described. One-modern method is to give’a rapid motion 
to a contact lever by means of a small motor driven by 
electricity, There are also electrolytic contact breakers 
- how in use, but the object of all is merely to obtain 
a rapid make and break of the battery circuit. The only 
other point to mention is that a condenser, made up of 
insulated layers of metal foil, is placed in the wooden 
base of the instrument, to act as a Leyden jar. The 
induction coil is also supplied with a switch, to turn off 
and on the battery current at will, and also a commuta- 
tor switch»so that the direction of the current may be 
reversed. 

Tt may be interesting to add a few words of explana- 
tion in connection with condensers. It is difficult to find 
any really helpful analogy, for if we picture a condenser 
merely as a reservoir the analogy is very incomplete, 
If we imagine the charged condenser as analogous to a 
lightened steel spring, we get some rough representation, 
when the spring is released suddenly, of the electric 
oscillations occurring during the discharge of a con- 
denser. But perhaps the following analogy will be more 
helpful for our present purpose. 

Suppose we take a pressure air pump to represent an 
electnic battery, and a very elastic bag to represent a 
complete condenser with its two sets of plates. We 
then have a tube connecting those two, and this will 
gerve to represent the electric circuit, while a stop-cock 
in the connecting tube will stand for a make-and-break 





How Telegraphs and Telephones Work 


artangement in the electric circuit. As soon as the stop- 
cock is opened the pump forces a gas along the connect- 
ing tube into the elastic bag, which quickly fills and 
becomes distended. If the pumping pressure is very 
great the walls of the gas bag may burst, or if that 
sémewhat exceptional calamity does not occur, there 
may be a Icakage of gas through the walls of the bag. 
This leakage is sure to cccur in all cases unless the walls 
of the bag are sufficiently thick. We close the stop-cock, 
the pump stops, and leaves the gas-bag distended, 
charged with gas. If we now open the stop-cock sud- 
denly, the pump commences to work once more, but 
the back-rush of gas from the distended bag retards the 
action of the pump. In our analogy it is the space 
inside the bag which represents the sheets of metal foil 
in the condenser, while the walls of the bag represent 
the insulating material or dielectric. It is the dielectric 
which is ruptured in the case of overcharging with no 
possible way of escape for the charge. 

Our analogy is necessarily incomplete, for the sheets 
‘of metal] foil do not act merely as simple capacities, but 
assist one another in this wise. When an earthed metal 
plate is brought into the neighbourhood of another plate 
which is being charged, the capacity of the. plate is 
enormously increased. In the induction coil we do not 
earth the plate, or set of metal foils, we simply connect- 
the condenser as a shunt circuit from the battery. When 
the current is switched on to the induction coil, the 
condenser is charged immediately, and at the same 
moment the main circuit is broken by the forward move- 
ment of the spring-piece or hammer. When the hammer 
springs back and closes the. battery circuit once more, 
the condenser discharges into the main circuit and the 
back-rush of current retards the starting of the battery 
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current. The result of this is that the current does not 
start suddenly enough to cause an appreciable inductive 
effect in the secondary circuit, in which there is an air 
gap, while the rapidity of change at the break is very 
much greater. Hence we have practically a unidirec- 
tional or direct current issuing from the terminals df 
the induction coil, and not an alternating current as one 
might suppose. 

The use of condensers in connection with military field 
telephones will be explained in the last chapter, when we 
shall be dealing with the clectyon theory. 

Induction coils have been of great service in connection 
with telephones, an induction coil being an absolute 
necessity unless for telephoges used only over a very 
short distance. Then we find large induction coils 
playing a most important part in the production of 
Réntgen’ rays, while a great deal of the experimental 
work carried out in connection with the electron theory 
has been dependent also upon the use of large induction 
coils. ; 


CHAPTER X 
CONCERNING LIGHTNING 


Its nature—Franklin’s experiment—An experimenter receives a fatal shock— 
Lightning conductors—Protecting electric circuits against lightning—Fork 
lightning—Sheet lightning—Ball lightning—Bead Tightning—Thunder— 
The immense electric pressure in lightning. 








\ ; 7 HILE primitive man was mystified and terror- 

ised by great flashes of lightning descending 

“upon the earth, civilised man has been’ able 

to discover the nature and cause of this gigantic 
phenomenon. : 

When the illustrious American philosopher, Benjamin 
Franklin, suggested that lightning was merely an im- 
mense electric spark, it seemed too bold an assertion. 
But he, and others, were soon able to prove that light- 
ning was an electrical discharge from thunderclouds, 
By sending up a kite into the neighbourhood of thunder- 
clouds, Franklin was able to ‘“‘ draw the lightning from 
the clouds.’ The wetted string of the kite was used at 
first as the conductor, but this was improved upon by 
another experimenter, who twisted a metallic wire 
with the string of the kite, thus offering the clectric 
charge an easier way of escape from the kite to the earth- 
end of the string. Holding the wire by a silken cord, 
which acted as an insulator, this experimenter made many 
interesting electrical experiments. It must be clearly 
understood that these experimenters did not intend that 
their kites should act as lightning conductors, but merely 
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as a means of tapping the thunderclouds, and conducting 
away some of the accumulated electricity. The man 
who used the metal wire was able to conduct away more 
electricity than the man who used the wetted string of 
the kite. 

It is obvious that there was a certain amount of danger 

in playing with atmospheric clectricity, although the 
experimenters had no idea of inviting the lightning on 
to their strings or wires ; they intended only to tap the 
clectrified cloud and draw off some of the charge. One 
Russian professor, however, when making some similar 
experiments in St. Petersburg, received a fatal shock 
during a thunderstorm. This unfortunate experimenter, 
Professor Richmann, had arranged a vertical rod from 
the roof of his laboratory, and connected this to a metal 
ball on the ceiling of the room ; but he had omitted to 
provide any possible way of escape for the clectricity to 
earth, and on coming near to the metal ball his body 
formed a conductor, go that the lightning discharged 
through his person. 
+ It became clear that if a pointed conductor was placed 
on any high erection, such as a church steeple, and if the 
lower end of the conductor was connected to the earth, 
then the lightning could be conducted safely to the 
earth without any damage being done to the building. 
The electricity would not trouble to go through the stone 
building when such an easy path was offered it by the 
metal conductor, 

In constructing lightning conductors it is advisable 
to give the high-tension discharge a clear path and a 
good connection with the earth by means of a large metal 
plate sunk in the sub-soil. The water mains may also 
be connected, but if we fail to give the electricity a 
clear path, it may leave the conductor and do much 
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damage to the property which we are seeking to protect. 
It has been pointed out that the only sure lightning- 
conductor is to cover the building with a wire gauze. 
It is not convenient to put an ordinary building into a 
metallic cage, but it is wise to adopt such precautions 
inf the case of powder magazines or stores of highly 
inflammable materials. 

Other forms of lightning protectors have been devised 
to safeguard electric circuits that are exposed to the 
elements. In these circuits an earth wire is provided, 
which, of course, is not connected directly to the electric 
circuit, else the line current would take a short cut to 
earth by it. It is sufficient, however, to have the end 
of the carthed wire placed in close proximity to the 
conducting wire, leaving only a small air-gap between, 
It is quite impossible for the line current to leap across 
this air-space resistance, but if lightning strikes the 
conducting wire it can laugh at such trifling obstacles, 
and, by its great pressure, Icaping the air-space it gets 
safely to earth without damaging any of the electrical 
instruments in the exposed circuit. 

A simple fixed air-gap is quite sufficient in connection 
with telegraph and telephone circuits, where only a very 
smal] electric pressure is used. In the case of expensive 
submarine telegraph cables great care must be taken in 
providing an efficient lightning protector for the land 
wire, for if lightning were to strike this wire and reach 
the submarine cable it might rip up the insulating cover 
and leave the cable uscless, 

Lightning does not often appear as a simple long 
spark or streak of light, but branches off in different 
directions from the main line, and all such discharges we 
commonly call zig-zag or fork lightning. What we know 
as summer or sheet lightning may be merely the reflection 
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The lightning discharge is exactly similar to the spark from an electrical 
machine, but on an immensely grander scale. The discharge is between 
a cloud and the earth. 
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of one of these fork discharges occurring behind a cloud, 
or it may be that sometimes there is a diffused or partial 
discharge in the interior parts of. the same cloud. 

There is another class of lightning called globular 
or ball lightning; but this is much rarer, and is dis- 
tinguished by its slow diffusion, its duration far ek- 
ceeding that of ordinary lightning. There is no doubt 
that such forms of lightning are visible for at least ten 
seconds, and there are reports of much longer durations. 
The damage done by this form of lightning is often 
very great, so that an erroneous idea got about that on 
such occasions there was a material thunderbolt lodged 
in the earth, this notion being the result of reports 
describing the holes actually made in the ground where 
the ball lightning fell. The ball of fire is undoubtedly 
material, but it cannot very well be composed of any- 
thing but*air and gases derived from water-vapour, the - 
whole mass being in a highly electrified state. 

There has been observed on rare occasions a “bead” 
form of lightning, in which the long flash appeared to be 
made up of little globes of fire forming a tram. This 
~ ‘bead lightning would seem to be an intermediate between 
forl’ and ball lightning. 

When a.long electric spark is drawn from a very 
large electrical machine, there is a considerable noise 
produced, like the repert of a gun, and the same occurring 
on a much grander scale in the heavens, where the noise 
is echoed from one cloud to another, produces in our 
cats the effect of the thunder crash. The electric disturb- 
ance sets up air vibrations or sound waves. These 
travel through the air at a very slow speed, about 1100 
fect per second, so that it takes the thunder some time 
to reach us. Light, however, travels through the ether 
at an immense speed, not falling much short of 200,000 
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miles per second. The light from the lightning therefore 
reaches us much quicker than the sound of the thunder, 
In this way we have a very simple method of calculating 
how far distant the lightning is from us. If we only 
desire an approximate figure, we may reckon the sound 
favelling at a speed of one mile in five seconds. If we 
count the seconds after seeing the flash, and find that 
there is a silence of fifteen seconds before the thunder 
is heard, then we know that the thunder has travelled a 
distance of three miles. 

lf after seeing a flash of lightning we fail to hear 
any thunder, it may be that the flash we saw was merely 
a reflection of some far distant discharge, or it may be 
hat the lightning we witnessed was at a greater distanec 
than fifteen miles from where we were, for that is about 
the limit of the carrying power of thunder, We therefore 
see that there cannot be a great deal of enczgy in the 
thunder crash, for the report of a cannon will carry 
nearly four times this distance, while the noise of a 
bombardment will travel twice as far again. There is, 
however, an immense electric pressure in the lightning 
discharge, so much so that we often witness most alarming 
destruction of property and life. If we consider the 
electric pressure required to produce quite a tiny spark 
across an air space we shall then appreciate the energy 
in a lightning discharge. Remembering that a single 
chemical cell or “ battery” only gives a pressure varying 
between one and two volts, we may be somewhat sur- 
prised to learn that a pressure of one thousand volts is 
required to cause electricity to jump across a tiny air- 
gap of the one-hundredth part of an inch. If the ends 
of two wires are touching each other when the current is 
started and they are then separated, the conditions are 
quite different, as a bridge is formed of gaseous particles 
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torn off from the ends of the wires. At present we are 
considering two points with an air space between them 
at the outset. Jt is indeed remarkable that this small 
air space offers so great a resistance. If we now think 
of a lightning flash sparking across a distance of one mile, 
we may form some idea of the cnormous electric pressure 
required. 


: CHAPTER XI 


THE MEANING OF THE ELECTRICAL 
UNITS 


Ordinary measures of material things—The need for exact clectrical measure: 
ments—Absolute unils—The practical unit of electric pressure-—The unit 
of current strength--The unit of electrical resistance The relationship of 
these units —Other units-- How the pressure and current are measured— 
Electric meters. 


OMETIMES we say that one object is three times 
as large as another or only half the size of another, 
and although we have more exact methods, all 

our measurements of material things are merely compara- 
tive. The rulers of the land laid down certain artificial 
standards with which we should compare the length 
and weight of all objects. These standards are retained’ 
under lock and key in London. 

A bronze bar thirty-cight inches long has two gold 
studs sunk into the bar near its ends, on both studs a 
line is cut, and the distance between these two parallel 
marks is the length which they have determined as the 
unit one yard, but in order to be exact the measurement 
must be made when the metal bar is at a temperature of 
62 degrees Fahrenheit. All other lineal measures are’ 
either smaller parts or multiples of this definite but 
artificial standard. The unit of weight is similarly 
defined by a certain piece of platinum preserved in the 
Standards Office. Four copies of these standards are 
deposited in other places of safety, in case of accident, 
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while we all possess some more or less faithful imitation 
of these measures for our personal use. . 

The case is somewhat different with electricity. We 
construct standard electrical instruments which we use 
in practice, but these have not been based on any such 
artificial plan as ‘adopted for Tength and weight. The 
units of electrical measurements have been scientifically 
determined, and can be reproduced at will; so that, 
while all our measuring of electricity in practice is done 
by comparing the effects produced on standard instru- 
ments, we do not require that our legislators should 
lock up any of these instruments for a standard reference, 
The scientist could reproduce them again at any time 
if required. This question of scientifically-determined 
units will become clearer as we proceed. 

When the first Atlantic cables were laid, we had 
no standard electrical measurements. Electricians had 
made measuring instruments, but there-were no definite 
units by which the effects might be reckoned. In the 

* Same way our carly thermometers had no fixed scale, 
This want of any electrical units was found very awk- 
ward. There was no use of one electrician reporting 
to another that the current Tequired to be used. “is 
such that it moves the indicator of my measuring instru- 
ment forty degrees.” This value would depend al- 
together on the construction of the said instrument, and 
the particular Way in which the scale of degrees had been 
divided. It was quite cvident that if we were to make 
practical progress we should require some system’ of 
standard units of measurement. We might have gone 
upon the artificial plan of simply taking any one particu- 
lar measuring instrument, and agreed that when the 
indicator of this instrument moved a certain distance, 
we should reckon that particular value as the unit. 
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Our legislators would then have taken charge of this 
instrument and allowed us to make duplicates, which 
could be standardised from the original instrument. 
A wiser plan was adopted. 

_ The British Association, in, 1861, appointed a com- 
mittee of the foremost scientific men of the day, with 
Sir William Thomson (Lord Kelvin) as president, and 
the object of the committee was to suggest a suitable 
basis of clectrical measurement. Many years elapsed 
before the final results were made public, but units 
of electrical measurement were determined upon purely 
scientific principles. These units were called the absolute 
units, the word absolute meaning that they were free 
from any particular conditions, or, in other words, that 
they had reference to no artificial electrical standard, 
but could be scientifically reproduced at any time. 

We shall be content to know that these scientists 
arranged for us certain definite units of electrical measure- 
ment. 

Tt so happened that the units thus scientifically 
determined were not of convenient size for measuring 
the currents we have to deal with in practice, and the 
committee therefore arranged a series of practical units, 
which are definite multiples, or: sub-multiples of the 
absolute units. By the word sub-multiple we mean a 
number which is contained in another a certain number 
‘of times. 

We arc quite familiar with the idea of pressure in 
connection with flowing water, and we state this as 
being so many pounds to the square inch. When we 
have electricity flowing along a wire we may measure 
the electrical pressure, but we cannot state this in any 
ordinary measures, and so we coin a word to represent 

ttt of the Britist 





The Meaning of the Electrical Units 


Association named it after the illustrious Italian, Pro- 
fessor Volta, who discovered the means of producing an 
electric current by chemical process. The volf is a 
definite multiple of the absoluteginit of pressure, which 
was scientifically determined, but the reader may form 
an idea of its value from the fact that the electric pressure 
at which any primary cell delivers its current is always 
betwcer one and one and a half volts. 

Before leaving the subject of voltages, it will be 
well to fix in one’s mind the fact that the number of 
volts does not signify the quantity of electricity passing 
along a linc, but merely indicates the pressure at which 
the current is being delivered. 

In order to measure the working value of water flow- 
ing in a pipe we must know more than the pressure at 
which it is being delivered. We require to know its 
rate of flow, which we say is so many gallons per minute, 
We must have an equivalent measurement in clectricity. 
As some néw word had to be coined to express the unit 
of current strength or rate of flow, it was a happy sugges- 
tion to immortalise the name of the great French scientist, 
Professor Ampére. When we use the word ampere to 
denote this electrical unit, we find it more convenient 
to omit the accent as used in the proper name. If one 
remembers that the ampere in electrical measurements 
is used in a similar sense to the words “ one gallon per 
minute,” there should be no confusion. We may say that 
it requires a current of one quarter ampere to make a 
certain glow lamp light up, or that we must have a current 
of ten amperes for a certain arc lamp. These state- 
ments merely imply the current strength or rate of flow 
of the current. They are not measures of quantity. 

How are these two units, the volt and the ampere, 
related to each other? It will be of service to return ta 
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the analogy of water flowing through a pipe. Tf the 
water-is being delivered at a low pressure we must have 
a considerable rate of flow, or in other words a large 
volume of water, to do any work, and we consequently 
require pipes of a large diameter to conduct the water. 
The electrical side of the analogy will be clear as we go 
along. If we increase the pressure of the water we may 
use less water and consequently smaller pipes. A flow 
of a very few gallons per minute, in a small pipe, at a 
high pressure, may drive a water turbine, and do the 
same work as hundreds of gallons per minute passing 
over a water-wheel at a low pressure. It is therefore 
apparent that the power of doing work is dependent 
upon both the pressure and the rate of flow. If we 
increase the pressure then we may reduce the rate of 
flow, or the other way about. 

The electrical resistance of any conductor is, of course, 
increased by adding to the length of the conductor, and 
also by reducing its cross section or diameter. There 
seems little room for confusion here, and yet I have 
found beginners thinking that the large conductor should 
offer greater resistance than the smaller one. No doubt 
it is the solidity of the conductors that Ieads them astray. 
A piece of solid metal two feet square will offer a far 
greater mechanical resistance than a piece two inches 
square. The matter should be clear, however, if one 
keeps in mind the analogy of the water pipe. A pipe 
of small bore offers a greater resistance than one of 
larger bore. The analogy is by no means a perfect one, 
for in considering the resistance of a pipe to a flow of 
water in it we bave to take into account the pressure 
of the water current, whereas the electrical resistance 
of a wire is constant no matter what voltage is used. 
Electrical resistance is an inherent quality of a conductor. 
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It is true it may increase or decrease with a fall or rise 
of temperature, but it is not affected by the pressure of 
the electric current. a 

We must have a unit by which we can measure the 
electrical resistance of a conductor. The unit has been 
very conveniently arranged, for it is the resistarice 
which requires a pressure of one volt to drive a current 
of one ampere through it. This unit has been called the 
ohm, after Professor Ohm (Germany), who first pointed 
out that the strength of an electric current not only 
depends upon its pressure but also upon the amount of 
resistance offered by the conductor in which it js flowing. 
This, when stated mathematically, is known as Ohm's 
law. The standard ohm is the resistance offered by a 
column of mercury 106°3 centimetres long and one square 
millimetre in cross section, at.a temperature of 0° Centi- 
grade. * 

Perhaps it will be casier to form a clearer idea of the 
vaiue of an ohm by taking an example employing mea- 
surements with which one is more accustomed to deal, 
Roughly about six hundred yards of copper wire one- 
tenth of an inch in diameter offers an electrical resistance 
of one ohm. Three hundred yards of the same wire will 
have a ance of half an ohm, while sixty yards will 
only offer a resistance of one-tenth of an ohm. 

It will be of service to remember that the units are so 
arranged that it requires a pressure of one volt to send 
a current of one ampere through a resistance of one ohm. 
It will therefore require a pressure? of two volts to send 
the same current through a resistance of two ohms. 
A pressure of one volt would, however, send a current 
of half an ampere through a resistance of two ohms, 
and so on. 

It may be of interest to remark in passing that the 
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potential is not the same throughout the whole length 
of the conductor. The pressure or potential falls from 
point to point. If the circuit is of uniform resistance 
throughout, there will be a regular fall of potential 
along its length. The current strength or rate of flow 
(ataperes) will, however, be the same in all parts of the 
conductor, even although the circuit be made up of 
lengths of wire of various diameters. The electrical 
energy, which as already pointed out is the product of 
the pressure and the rate of flow, must necessarily fall 
with the decrease of pressure. We therefore speak of 
electrical energy being consumed although we under- 
stand that it is merely transformed into some other 
form of energy. The electrical energy lost owing to 
resistance in the conductor is transformed into heat 
energy. If the conductor be a large one this heating 
effect will not be perceptible. “ 

When one is informed that the ampere is analogous: 
to the measure “one gallon per minute,” it is natural 
to wonder why both quantity and time are not mentioned 
in this electrical unit by which the rate of flow is mea- 
sured, The word ampere in order to signify a rate of 
flow must necessarily mean a certain quantity in a certain 
time. We seldom meet the unit of electrical quantity 
outside. of the scientific laboratory, but it has been 
named the coulomb after a great French physicist, who 
lived a century ago. This practical unit of quantity 
was fixed by the British Association committee at one- 
tenth of the absolute unit of quantity which they had 
scientifically determined. It may give the reader. some 
idea of what a coulomb is, to say that if that quantity 
of electricity is passed through an electro-plating appafa- 
tus it will deposit rather more than one milligramme of 
silver. That is the meaning of a coulomb, and the 
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ampere is a rate of flow of one coulomb per second. 
With this fuller statement of the meaning of an ampere, 
the analogy of one gallon per minute becomes more 
obvious, 

There are other electrical units with which the scien- 
tist deals, such as the unit of electrical capacity, which 
has been named the farad, after our illustrious Michael 
Faraday. who made so many important discoveries 
while at the Royal Institution in London. 

What about the measuring of volts and amperes ? 
We have a voltmeter for indicating the clectric pressure 
in volts, and an ammeter (ampere meter) for indicating 
the rate of flow of the current in amperes. These are not 
really meters in the sense that the public understand a 
meter; these instruments are more akin to steam 
gauges, etc. They may be arranged to record the move- 
ments of, their indicators if desired, but even then they 
only measure certain conditions of the current, the 
pressure and the rate of flow respectively. The prin- 
ciple of these measuring instruments is very simple. 
The electric current is passed through a coil of wire, 
thus setting up a magnetic field in its immediate neigh- 
bourhood. A magnetic needle, fixed upon a spindle, is 
placed within the sphere of influence of the coil, and is 
deflected according to the strength of the magnetic 
field produced by the current in the coil. But how can 
we distinguish between volts and amperes, between 
pressure and rate of flow ? 

What is the difference betweep a voltmeter and an 
ammeter? The only difference in construction is that 
in the voltmeter the current has to pass through a coil 
of very fine wire, while in the ammeter the coil is made 
of a heavy or coarser wire. It is difficult to find any very 
suitable analogy for this point, but suppose we desire 
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to measure the rate of flow and the pressure of the wind. 
To measure the former, we erect a very light windmill 
on the top of a pole, and we adjust the mechanism so 
that when a certain amount of wind has passed, the 
windmill will have been driven round a definite number 
of.revolutions. We might arrange that half a mile of 
wind would tum the windmill fifty thousand times, 
so that we would use means of registering the number 
of revolutions, and by this we could reckon the rate of 
flow of the wind. To measure the pressure of the wind 
we shall be content with a rather rough-and-ready 
apparatus for the sake of our analogy. We erect a 
pressure plate held forward by a strong spring of known 
tension. We can then note the pressure of the wind 
against the power of the spring. Such an arrangement 
would not be very accurate, and even properly arranged 
pressure plates are seldom used in observatories, as we 
have mathematical tables by which the pressure may 
be calculated from the rate of flow. However, the point 
of assistance to us, by way of analogy, is that when we 
measure the rate of flow of the wind we place as little 
obstruction as possible in its path, the small windmill 
being made of aluminium and delicately poised. In 
the ammeter by which we measure the rate of flow of 
an electric current we place as little resistance as pos- 
sible in the path of the current, hence the large conducting 
wire in the coil, which offers practically no resistance. 
Fo measure the pressure of the wind, we place a very 
considerable resistance in its path, and then note the 
effect produced. To measure the pressure (volts) of an 
electric current we place a considerable resistance in its 
path, making it go through a coil of very fine wire. 
Leaving the wind analogy out of account, we may 
now get a clearer view of the matter in this way. In 
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the ammeter we require practically no -pressure to 
send the current through the heavy wire, hence the 
variations in the magnetic field will be due to the rate 
of flow of the current, which is the same at all parts of 
the circuit. In the voltmeter we have, on the other hand, 
so blocked the way of the current that it is a reading 
of its pressure we get. More accurate voltmeters and 
ammeters are made, just in the same manner as the 
siphon recorder is a more delicate form of the needle 
telegraph or needle galvanometer. It will be remembered 
that in the siphon recorder there is a stationary magnet 
and a moving coil. These “ moving coil” voltmeters 
and ammeters do not have the whole of the current 
to be measured passed through them, but only deal 
with a definite proportion of the whole current. There 
are also electro-static voltmeters and ammeters, but 
the instruments just described will serve to show how 
we measure the pressure and the rate of flow of an electric 
current. 

For our present purpose, the consumer’s meter does 
not concern us, but in closing the subject of measuring 
it may be noted that in this case it is the energy possessed 
by the electric current which is measured and paid for. 
This may be registered by a small clectro-motor in «the 
meter, or by the chemical effect of the electric current, 
and by other methods. In this case the unit was laid 
down by the Board of Trade, and is called the Board of 
Trade unit (B. T. U.). This is defined as 1000 watts per 
hour, a watt being a current of one ampere at the pressure 
of one volt. 
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Newton's theories of light disproved: Electric waves and light waves— 
Experimental proof of relationship between light and electricity—A simple 
analogy—The connection between the wave-length and the frequency — 
Ether waves have totally different properties—~Ether waves convey energy 
—Experimental proof that light, radiant heat, and electric waves are all 
of the same nature. 


the existence of electro-magnetic waves in the 

ether—as now used in wircless telegraphy—he 
had abandoned definitely the idea that light was any 
form of matter, as had been the scientific creed in Sit 
Isaac Newton’s time. : 

Professor Thomas Young, of London, and other 
physicists, disproved Newton’s theories and established 
firmly the idea of an all-pervading medium in which 
wave disturbances could be produced. To-day we have 
no doubt that light is merely a series of very short waves 
in the ether. It is unnecessary to prove the existence 
of the ether in these days of wireless telegraphy, for 
surely every thoughtful man must be persuaded of its 
real existence. . 

As electric waves and light waves are both disturbances 
in the same great ether ocean, there is bound to be some 
relationship between the two phenomena. This relation- 
ship was proved by experiment in 1845, when Michael 
Faraday, working at the Royal Institution (London) ; 
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rotated a beam of polarised light by means of a powerful 
magnet. iehie| 

As all ether waves are of the same kind, and as they 
all travel with the same velocity, it is obvious that” 
they can differ only in wave-length. In other words, 
the only difference between light waves and radiant 
heat «waves lies in the distance between the crests 
of the successive waves. Suppose we had a float or 
plunger of some kind with a handle attached to it, 
so that we could conveniently move it up and down 
at the centre of an imaginary pond of still water. If 
we were to move the plunger up and down very slowly 
the waves would follow each other at some considerable 
distance apart, whereas if the movements of the plunger 
were rapid the waves or ripples would follow close upon 
one another's heels. Far more waves would arrive at 
the shoreein one minute when the plunger was moved 
rapidly. In order to compare the different sets or trains 
of waves we could measure the distance from the top 
or crest of one wave to the crest of the following wave. 
Of course, it would make no difference if we measured 
the distance from the depression or trough of one wave 
to the trough of the next wave, or if indeed we measured 
the distance between any two corresponding points, on 
neighbouring waves. This is what we call the wave- 
length. It will be observed that it has nothing whatever 
to do with the length along the front or ridge of the 
wave. By wave-length we simply mean the distance 
between two successive waves. Rossibly some readers 
would be more inclined to call this the width or breadth 
of the wave. : 

When we vibrate the plunger rapidly we produce 
waves of short length. We see that there is a dis- 
tinct connection between the rate or frequency of 


How Telegraphs and Telephones Work 


vibration and the length of the waves produced. The 
quicker we vibrate the plunger, the shorter will be the 
resulting waves. As the velocity of travel of all ether 
waves is the same, the comncction between the frequency 
and the resulting wave-length is very simple. In one 
second of time every ether wave will have travelled a 
distance of 186,000 miles. Therefore if 1000 waves are 
set up by the vibrator during one second, the first will 
have travelled to a distance of 186,000 miles when the 
last wave is ready to start. In other words, there will be 
1000 waves equally spread over a distance of 186,000 
miles. We do not require pencil and paper to calculate 
the wave-length in this case, for if 1000 waves occupy 
a space of 186,000 miles, it is obvious that cach wave will 
occupy a space of 186 miles. We should say, therefore, 
that the wave-length in this case was 186 miles. 

Some of the ether waves used in wircless telegraphy 
are measured in miles, while, on the other hand, ether 
waves as short as one two-hundred-and-filty-thousandth 
part of an inch have been measured. It is of course 
quite impossible to realise the smallness of such dimen- 
sions, but we can appreciate the tremendous range of 
different wave-lengths existing in the ether. 

We have seen that the whole difference between any 
one ether wave and another is in its length or the spacing 
between the waves, and, of course, there must be a 
corresponding difference in’ the frequency or number of 
vibrations per second. It is marvellous that these ether 
waves which only differ in this way possess such very 
different properties. : 

Commencing with the longest ether waves, we tind 
that these affect the detectors used in wireless tele- 
graphy. We have seen that these waves may be spaced 
miles apart, but other electric waves of the same class 
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have been produced as-close together as six waves within 
one inch. Even this is very long when compared with 
the majority of ether waves. When ether waves only 
measure a few thousandths of an inch they produce 
heating effects, and we speak of them as waves of radiant 
heat.. As long as waves are longer than one thirty- 
thousandth part of an inch we call them dark-heat waves, 
for they do not affect our vision, but as soon as they step 
over that boundary line they do affect our eyes. They 
cause the sensation of red light when there are about 
thirty-four thousand waves to the inch, If the waves 
are still somewhat shorter—or closer together—they 
produce the sensation of orange colour ; still decreasing 
in wave-length they produce the sensation of yellow, 
then green, then blue, and when they have become so short 
that sixty thousand occupy one inch they produce the 
colour sefisation of violet. After that they cease to 
affect our cyes altogether, and we call them waves of 
ultra-violet light, signifying that they are beyond the 
violet end of the spectrum. 

Although these same waves of ultra-violet light fail 
to stimulate our sensory organs of vision, they very 
actively affect the chemicals upon a photographic plate. 
Because of their chemical properties these waves sare 
, often called actinic waves. 

It is apparent that all these ether waves are conveying 
energy to great distances. A transmitter in wireless 
telography acts upon the ether ocean, This wave energy 
may be carried through the ether* broadcast across the 
Atlantic Ocean, and, strange to say, an insignificant 
little detector on the far distant shore receives sufficient 
energy to cause some change within it, and in this way 
signals are produced. 

All these ether waves may be reflected and refracted, 
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or bent out of their straight course. We are quite con- 
versant with the substances which will reflect light 
waves and feat waves, while electric waves may be re~ 
flected by a sheet of metal. We are also well aware of 
the transparent substances which will bend light waves, 
the most common in practice being glass prisms and 
lenses. In a similar manner we may bend heat waves 
by passing them through a prism of rock-salt, while 
electric waves are similarly refracted in passing through 
a prism of paraffin wax. 


CHAPTER XIll . 
WHAT IS ELECTRICITY ? 


In dnswer to the title—The nature of an electric current—The original 
meaning of positive and negative electricities: —Our present conceptions— 
The electron—Continuous and alternating currents—The nature of an 
electric discharge—-An analogy of the electron current—The cause of the 
magnetic field —The connecting link between matter and the ether. 


any idea of the nature of electrical phenomena in 

order to understand the working of telegraphs 
and telepfones, it may be of advantage to consider very 
briefly the present conceptions concerning these. 

We cannot answer the question which stands as the 
title to this chapter, but we believe we can give an ade- 
quate reply to the question, What is an electric current ? 
.. Our present erced is based upon the electron theory, 
which is quite romantic in its wide scope, put I need do 
no more than merely touch upon one oF two points 
which are applicable to our present subject, as T have 
written very fully upon the electron theory recently.* 

First of all we must see the meaning of the terms 
positive and negative electricity, which 1 have avoided 
purposely in the foregoing text. * 

That there are two kinds of electrification was evident 
from the earliest experiments. We know that an electri- 
fied body attracts any light object. In order to examine 
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the conditions of this attraction we suspend, by means 
of a thread of silk, a very light ball about the size of a 
pea and made from the pith of an elm tree. We use this 
pith ball simply because of its small weight ; it will be So, 
easily moved. We suspend the silk thread from a glass 
pillar or other insulator, so that whatever electrical 
charge we give to the pith ball cannot escape from it. 
After “exciting” a vulcanite rod, by means of a fur 
rubber, we bring the rod towards the pith ball, which 
immediately jumps forward to meet the rod. We with- 
draw the rod, to which the ball clings, but in freeing 
the ball from the rod we are careful not to touch the 
ball, as we wish it to retain the charge of electricity 
the rod has given to it. We again bring the electrified | 
vulcanite rod towards the pith ball, which is now electri- 
fied also, whereupon we find that it is forcibly repelled 
from the rod. Do electrified bodies repel ore another 
then ? Not necessarily so, for if we excite a glass rod by 
means of a silk rubber and bring this electrified rod 
towards the elcctrified pith ball, we find that the ball is 
attracted to it, although the ball still flees from: the 
electrified vulcanite rod. To make this matter ds clear 
as possible, it will be an advantage to suspend two pith 
baks from separate supports. We first of all electrify 
one ball by contact with the electrified vulcanite rod, 
and we find that this electrified pith ball attracts the 
other non-electrified one. We discharge the electrified 
ball by simply touching it with the hand, and thus 
allowing its charge torescape to earth. There is, of course, 
no sensation produced by so small a charge. We then 
electrify the same pith ball by contact with the electrified 
glass rod, and we find that this ball attracts the other 
non-electrified ball just as it did before. Therefore any 
electrified body will attract a non-electrified body. 
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When we-electrify one ball by the vulcdnite rod and 
the other ball by the glass rod, we still find the same 
attraction between the balls. It is only when we electrify 
both balls by the vulcanite rod, or both by the glass rod, 
that we find repulsion. Electricity produced by a glass 
rod used to be called vitreous electricity, and that ob- 
tained from sealing-wax, or vulcanite, was known as 
resinous electricity. 

Franklin suggested that the two different states of 
electrification were due to a surplus in one case and a 
defect in the other, of a mysterious fluid, but as to which 
was which he could do no more than guess. He elected 
to credit glass with the excess of the fluid, and so he said 
that it was positively electrified, or charged with positive 
electricity. On the other hand, he supposed that a body 
electrified by sealing-wax had a deficiency of the electric 
fluid, and_so he said that it was negatively electrified, or, 
in other words, he said that the sealing-wax produced 
negative electricity. 

Our present creed is that the atoms of all matter are 
composed of different congregations of particles or units 
of negative electricity revolving within a sphere of posi- 
tive electricity. These ultimate particles of negative 
electricity have been christened electrons, while some have 
preferred to call them corpuscles, but we must keep in 
mind the fact that they are not matter; they are the 
stuff that matter is made of. But can these clectrons 
be detected in nature, or are they purely hypothetical ? 
Of course we cannot hope to handle them or see them, 
but we may prove their existence by the effects which 
they produce ; indeed, we know really more about these 
electrons than we do about atoms of matter. -Physicists 
have determined the mass, the electric charge, and the 
velocity of these invisible electrons. 
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We believe that there are detachable electrons which 
can pass from one atom to another. A steady motion 
of such electrons from atom to atom along a wire consti- 
tutes a continuous or direct electric current, while a surg- 
ing to and fro of these electrons is described as an allernat- 
ing current. 

A sudden expulsion of those detachable electrons from 
one body to another constitutes an electric discharge, 
and we picture the clectrons, in this case, being shot off 
like bullets from the one object to the other. When we 
rub a stick of glass with a piece of silk cloth we give the 
glass rod an opportunity of handing over some spare 
electrons to the silk. We still say that the glass rod is 
positively electrified, although it is suffering from a 
deficiency of electrons, for we picture its atoms having 
given up negative particles, thus leaving the positive 
spheres to predominate. It must be remembered that 
this sphere of positive electricity is purely hypothetical, 
as we cannot separate it from the atom of matter, while, 
on the other hand, we have direct experimental proof of 
the negative electrons. 

Throughout the preceding pages we have pictured 
currents of electricity flowing’ along wires and supplying 
the necessary energy for telegraphs and telephones, but 
now we can form some conception of what is really taking 
place. In the first place we picture myriads of atoms hard 
at work handing on spare electrons from atom to atom, 
and in order to impress this phenomenon upon our 
minds the following analogy may be of service. «There 
is a game which I have seen children play, and which 
may serve as an analogy of this process. The children 
stand in a long row, and at one end of the row is placed 
a heap of objects—say a large number of pennies. At a 
given signal the children pass the coins along from one 
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to the other, till they reach the other end of the row 
where they are deposited in a heap. No child is allowed 
to accept a coin till he or she has passed on the previous 
one. Another row of the same number of children stands 
parallel to the first row, and these are also provided with’ 
an exactly similar number of pennies. The game being, 
of course, a battle royal between the two parallel rows as 
to which row can transmit the whole of the coins in this 
fashion from the one end of their line to the other in the 


Res shortest space of time. Only one row of children con- 


cerns us in our analogy, and we picture the little ones as 
representing the atoms in a length of metal wire. Each 
atom passes on a corpysecle to its neighbour and accepts 
another corpuscle from the neighbour on its other side, 
For the sake of analogy we start the game with each 
child having one coin in his or her hand, so that the 
moment the signal is given, representing the closing of 
the electric circuit, a complete transfer commences 
simultaneously all along the line. Instead of having 
a heap of coins at one end, we might arrange the children 
in a circle and give them one coin each, so that the 
coins would pass round and round the circle. This is what 
we understand by a complete electric circuit ; a battery 
or a dynamo acting as a pump in the circuit. We may 
break the complete circuit, and then there can be’ no 
passing on of corpuscles. The atoms try to pass their 
corpuscles along, but the break acts as a barrier. On 
testing the electrical conditions of the ends of the severed 
wire we do find a small difference of potential. 

Tht first arrangement of the” children’s game, in 
as hith we had the children standing in a row, is somewhat 
* analogous to an earth circuit in electrical affairs. . The 
first child kept picking up coins, passing them along, 
and the last child deposited the coins in a heap as they 
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were received. We therefore imagine the first atom 
at the one end of a wire, which is dipping into the earth, 
to be helping itself to corpuscles one at a time, passing 
them along, and the last atom at the other end of the 
wire depositing these corpuscles in the eatth. There is, 
of course, & battery or a dynamo again acting as a pump. 

This motion of the electrons is only part of the phe- 
nomenon, for as these move they disturb the surrounding 
ether, and produce what we know as @ magnetic field 
around the conductor, and, as already pointed out, it is 
this intimate connection between electricity and mag- 
netism that gives us the practical telegraphs and tele- 
phones of our day. Here we see that the connecting link 
between matter and the ether is the motion of electrons. 
It is the enormously tapid revolutions of electrons which 
cause light waves. 

There is a gteat deal of interest in this electfon theory, 
which has been described by a great statesman as “a 
hold attempt to unify physical nature, @ theory which 
excites feelings of the most acute intellectual gratifica- 
tion.” 

While the opening sentence of this chapter is truc, 
there is no doubt that when we once become well ac- 
quainted with the electron theory we have gained a 
distinct advantage; we can See more reason in the 
different phenomena connected with telegraphs and 
telephones. 





APPENDIX I : 
A SHORT.HISTORICAL NOTE 


—— p.c. Man .discovers lodestone and observes its 

magnetic properties. These were known at 
least one thousand years before the dawn of 
the Christian cra. 

_ . Bc. Man observed the attractive property of 
rubbed amber. ‘The earliest record of this 
phenomena is 600 B.C. 

A.p. 1600, «Dr. William Gilbert, one of Queen Elizabeth's 
physicians, discovered that amber was not the 
only substance which showed the property of 
attraction when rubbed. 

1790. Professor Galvani, of Italy, made his historical 
discovery with the legs of a frog. 

1800. Professor Volta, of Italy, following up this experi- 
ment, discovered the chemical means of prodac- 
ing an electric current. 

1819. Hans Christian Oersted, of Denmark, discovered 
that an electric current in a wire affected a 
neighbouring magnet. 

1820. Arago (France) and Sir Himphry Davy (Lon- 
don) discovered independently that a piece of 
iron became magnetised by passing an electric 

+ current through an insulated wire surrounding it. 

1825. The first soft).ron clectro-magnet invented by 
8 Vette TT Pa. 
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1837. 


1822. 
1837. 
1838. 


1837. 


1860. 
1876. 


1879. 


1896. 


Morse (U.S.A.) patented his now universal system 
of telegraphy, employing soft iron  electro- 
magnets. 

A practical galvanometer was invented by 
Schweigger. 

Needle telegraph (galvanometer) patented by 
Cooke and Wheatstone, in London. 

Steinheil (Munich) discovered that an earth 
Virenit might be used in place of a return wire. 
Page (U.S.A.) discovered that if an iron rod was 
quickly magnetised and demagnetised it emitted 

a sound, 





Reis (Germany) transmitted music and words, the 
latter only imperfectly. 

Graham Bell (U.S.A.) invented a magneto-tele- 
phone and transmitted speeeh. . 

Hughes (London) invented a carbon microphone 
transmitter. 

Practical wireless telegraphy was set on foot by 
Marconi (Italy). The practical experiments 
were carried out in Great Britain, but were 
based upon discoveries made by Continental 
scientists. 
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APPENDIX II : 


TAPPING A TELEGRAPH CIRCUIT 


culty in connection with the use of condensers 
when tapping a telegraph wire in order to use a 
field telephone. 

The one terminal from a portable field telephone is 
connected to an existing telegraph wire and the other 
terminal is earthed, the same arrangement being made 
at the diStant point with which communication is to be 
established. This looks as if we had carthed the tele- 
graph wire, and rendered it uscless for telegraphic pur- 
poses. This would happen but for the fact that a con- 
denser has been inserted in the telephone circuit. This 
gondenser prevents the telegraph current getting through 
t e telephone circuit, for the current cannot pass through 
the insulation between the condenser plates, but» the 
alternating current of the telephone may operate across 
the condenser. I fear that any attempted analogy for 
this would be clumsy, but the matter becomes quite 
simple when we consider it from the point of view of the , 
electron theory. 5] 

The telegraph current is a derect or continuous current, 
and we have seen in chapter xii that this phenomenon 
is due to a steady locomotion of electrons ; a continuous 
chain of atoms handing electrons along from atom to 
‘atom. As the condenser forms a break in the telephone 
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circuit, it is clear that there can be no continuous chain 
of atoms, so that it is impossible for the direct current to 
pass that way. Hence it is that telegraph messages may 
be sent along the telegraph wire without in any way 
disturbing the field’ telephone which has tapped the 
telegraph line. 

On the other hanu, the telephone intent is not a 
divect bat an alternating current, and we have seen that 
in this cage the electrons are not handed along the line, 
but mercly surge to and fro, These rapidly moving 
electrons can affect one another across the condenser 
insulation, and we have no difficulty in setting up a surg- 
ing to and fro of electrons in the circuit. Hence the 
telephone current is free to operate, although a telegraph 
current is cut off. 

When a signalling instrument called a buzzer is used on 
the telephone circuit, a second condenser is introduced, 
but this is merely to prevent excessive sparking in con- 
nection with the buzzer. 
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how few people could expktin the principles of wireless telegraphy in 
a few words if suddenly questioned on the subject, The book is well 
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“Mr, Gibson sets out tu describe in non-technical lang the marvel- 
lous discover ud adaptation of this pervasive aud powerful essence, 
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authoritative style of exposition which will he understood by any intelli- 
geut reader.” — Yorkshire Observer. 

“A popular and eminently readable manual for those interested in 
electrical appliances, It describes in simple and non-technical language 
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ABBOTT, Rev. E. A, D.D. 
Hints on Home Teaching. Crown 8vo, 3s. 
How td Parse. An English Grammar. Fcap. 8vo, 3s. 6d. 
-How-to Teli the Parts of Speech. An Introduction to English 
Grammar, Feap. 8v0, 28. 

. » How to Write Clearly. Rules and Exercises on English Composition. 

Crown 8a, 1s. 6d. 
Latin Gate, The. A First Latin Translation Book. Crown 8vo, 3s. 6d. 
Via Latina. A First Latin Grammar. Crown 8vo, 3s. 6d. 

ABBOTT, Rev. E. 4., and Sir J. R. SEELEY. 
English Lessons for English People. Crown 8vo, 4s, 6d. 

ADY, Mrs, Ses CartwriGHT, JULIA. ' 7 

A KEMPIS, THOMAS. ; 
Of the Imitation of Christ, With Iluminated Frontispiece and Tithe, 


Page, and Illuminated Sub-Titles to each book. In white or blue cloth, with inset miniar 
tures. Gilt top; crown 8vo, 6s. nett ; also bound in same magner in real classi¢ velluca, 
Bach copy in aoa be questioned whether the great work of Thomas A Ketnpis hi 
‘may well be questioned whether the great work of Thoma: is 
ever been presented fb better advantage."—Tke Guardian, - : Rt tl 
ANDERSON, Prof. W.: | : P 
Japanese Wood EngrAvings. Coloured Illustrations. Swper-royal 8vo, 
* sewed, 2s, 6d, nett $ half-linen, 38. 6d. nett; also small 4to, cloth, as, nett ; Jambskin, 3s. nett, 


ARMSTRONG, Sir WALTER. i 
The Arb of Velazquez. Illustrated. Super-royal 8vo, 3s. 6d, nett... . * 
The Life of Velazquez. Wlustrated. Super-royal 8vo, 3s. 6d. nett. 
Velazquez. A Study of his Life and Art. With Eight Copper Plates and 
many minor Illustrations, Super-royal 8vo, cloth, 9s. nett. AY See 
Thomas Gainsborough. Illustrated. Super-royal 8vo, half-linen, 3s, 6d. 
nett. Also new edition, small gto, cloth, 2s. nett; leather, 3s. nett and 5s. nett. Wert 
The Peel Collection and the Dutch School of Painting. With many 
Illustrations in Photogravure and Half-tone, Super-royal 8ve, sewed, ss, nett; cloth, 


* ia tt, . 
ae EO. Orchardson, Super-royal 8vo, sewed, 2s, 6d. ; half-linen, 3s, 6d, nett, 
AUGUSTINE, S. * : 
Confessions of S. Augustine. With Illuminated pages. In white or 


blue cloth, gilt top, crown 8vo, 6s, nett ; also in real classic veium, each copy in a box, 
» 10% 6d. nett. 


BEDFORD, Rev. W. K. R. r, Is 
Malta and the Knights Hospitailers, Super-royal 8vo, sewed, 2s. 6d, 
? ; 


nett; balf-linen, 3s. 8d. nett. ¢ 
BENHAM, Rev. Canon D. D., F.S.AW - * 


The Tower of London. With Four Plates if Colours-and many other 
Hlustrations, Supet-royal 8vo, sewed, ss. nett; cloth, gs. nete. . 
Medieval Lon With a Frontispiece in Photogravure, Four Plates 
in Colour, and many other Illustrations, Snper-royal 8vo, sewed, 55. nett; cloth, gile 
top, 7s. nett. > z 

Old St. Panl’s Cathedral. With a Frontispiece in Photogravure, Four 
Plates printed in Colour, and many other Ulustrations,  Super-royal 8vo, sewed, 58. nett, 
or cloth, gilt top, 7s. nets. . fr 
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BICKERSTETH, Rev. E. ts 

'  Kamily Prayers for Six Weeks. Crown 8vo, 3s. 6d. 
A*¥Companion to the Holy Communion. 32mo, cloth, 1s 

BINYON, LAURENCE. 2 + as 

. Thomas Girtin: His Life and’ Works. An Essay. With Twenty-one 
Reproductions in Autotype. Imperial 4to, £2, as. riett. ? ; 
. Dutch Etchers of the Seventeenth Century. Illustrated. Super-rdyal 
8vo, sewed, 2s, 6d. ; half-linen, 3s. 6d. nett, = 
- John Crome and John Sell Cotman, Illustrated, Super-royal “8¥o, + 
Sewed, 95. 6d. nett. a 

BIRCH, G. H. 7 7 
London on Thames in Bygone Days. With Four Plates printed in 
Colour and many other, Illustrations. Super-royal Bvo, sewed, 5s. net€ cloth, gilt top, 
7s. nett, 


BRIDGES, Rev. C. 
An Exposition of Psalm CXIX. Crown 8vo, 5s. 


CAMERON, D. Y. : e 
Six Etchings by D. Y, Cameron and WILLIAM STRANG. With Bio- 
© graphical Notes, Imperial gto, 6s. nett. 
CARTWRIGHT, JULIA. a sae : 
. Jules Bastien-Lepage. Super-royal 8vo, sewed, 2s. 6d.; cloth, 38. 6d, nett, 
*. Sacharissa, Some Account of Dorothy Sidney, Countess of Sunderland, 
‘ ke Family and Friends. .With Five Portraits. Demy 8vo, 7s, 


6d. 
@: Memoirs of Henrietta, daughter of Charles I, and Duchess of 
Orleans, With Five Portraits. Demy 8vo, 7% 6d, ‘ z 
ia Rome. Illustrated. Super-royal 8vo, sewed, 2s, 6d.5 lealf- 
Tinen, 3s, 6d. nett; also in small gto, cloth, 2s nett ; leather, 3s.-nett and 5s, nett, 
The Early Work of Raphael. Illustrated. Super-royal 8vo, sewed 
el Ga. 5 haiflinen, 38. 6d. Aiso new edition, revised, in small 4to, in cloth, as. nett; 
leather, 35. nett, 
Raphael : A Study of his-Life and Work. With Eight Copper Plates and . 
. many other Ijustrations, Super-royal Bvo, 7s. 6d, nett. 
CESARESCO, Thé Countess MARTINENGO. cee 
: The Liberation of Italy. With Portraits on Copper. Crown 8vo, 5s, 


CHITTY, }.R : na: 
- “Things sten in China. With Fifty Illustrations. Srgall gto; cloth, 2s. ; 
_ leather, gs, ; velvet leather in’a box, 5s. nett. 7 
CHORAL SERVICE-BOOK FOR PARISH CHURCHES, THE. 
Compiled and Edited by J. W.-Extiort, Organist and Choirmaster pf St. Mask’s, 
Hamilton Terrace, London. With some Practical Counsels taken by permission from 
“ Notes on the Church Service,” by Bishop Watswam How. 


A. Royal Bvo, sewed, 1s.; cloth, xs. 6d. i : 
we B. r6mo, sewed, 6d. ; cloth, 8 3 
The following portions may be had separately :— ‘ 
The Ferial and Festal Responses and the Litany.. Arranged by 
“J. W. Evuiorr. Sewed, ad. > 5 
‘The Communion Service, Kyrie, Credo, Sanctus, and Gloria in 
Excelsis. Set to Music by Dr. J- NavLox, Organist of York Minster. Sewed, 4d. 
CHURCH, A. H., F.RS, ‘ . 
Josiah Wedgwood, Master Potter. With many Illustrations. ~Super- 
toyal &vo, sewed, §s. nett; cloth, 7s. nett; alsa small 4to, cloth, as. nett; leather, 35. and * 
oss nett. or re ee | sd 
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CHURCH, Rev. A. J. : 

The Laureate’s Country. Scenes connected with the Life of Alfred, 
Lord Tennyson, With Fifteen Copper Plates and numerous Vignettes by E, Hutt. 
Imperial 4to, 215. : ; 
Nicias, and the Sicilian Expedition, Crown 8vo, Is. 6d. 

For other books by Professor Cuurcu see,Complete Catalogye. 


CLARK, J. W., M.A. : : 
Cambridge. With a coloured Frontispiece and many other Illustrations 
by A. Bronet-Dasarwes and H. Toussaint, &&. Extra crown 8vo, 65. } also crown 8yo, 
cloth, as. net » 3S} special leather, in box, 5s. nett, 

pinice : . . 
CODY, Rev. HA. 


An Apdbde of thé North. The Blography of the late Bishop Bomras, # 
First Bishop of Athabasca, and with an Introduction by the ArcypisHor of Ruparrs-* 
LAND. With 42 Illustrations, Demy 8vo, 7s. 6d. nett. 


COLVIN, Sir AUCKLAND, K.C.S.1L., K.C.M.G. : 
The Making of Modern Egypt. Fourth Edition, With Portraits and 
a Map. Demy 8vo, x8. nest. ~ . 
“Should také rank as the standard history of our Jabours in Egypt."—Pas 

Spectator. £ > 

’ CORNISH, C. J.. : 
Animals at Work. and Play: Their Activities and Emotions, With 
Twelve Illustrations. Second Edition." Grown 8vo, 6s. - 
Anlinals of To-day: Their Life and Conversation, With Illustrations 
from Photographs by C. Re of Wishaw. Crown Bvo, 6s. 
The Isle of Wight. “Illustrated. Super-royal 8vo, sewed, 2s, 6d, nett}; 
half-linen, 3s. 6d. nett. 4 
Life at the Zoo, Notes and Traditions of the Regent’s Park Gardens, 
Tilustrated from Photographs by GamsaR Boron, Fifth Edition, Crown 8va, 6s. 
T he Naturalist on the Thames, With many Illustrations. Demy 8vo, 
75. 6de : ; 
The New: Forest. Super-royal 8vo, sewed, 2s. 6d. nett; half-linen, 3s. 6d. 
nett; alsone® edition, small gto, cloth, as. ; Jeather, 3s. nett. : 

°" ~The New Forest and the Isle of Wight. With Eight Plates and 
many other Illustrations. Super-royalvo, 75. 6d. neft. as 
Nights with an Old Gunner, and other Studies of Wild Life. With 


Sixteen Ilustrations By LANCELOT SPEED, Cuartes Waymrrr, and from Photographs 
Crown 8vo, 6s, 


Wild England of To-day and the Wild Life in it. With Sixteen 
Illustrations from Drawings by LANCELOT Srxeo, had from Photographs. Crown 8vo, 6s. 
CORROYER, E. © 
Gothic Architecture, Edited by Sir WALTER ARMSTRONG. With over 
Two Hundred Llustrations, Crown 8vo, 6s. 
CUST, LIONEL. 
The Engravings of Albert Diirer. INustrated. Super-royal 8vo, half- 


jinen, 3s. 6d. nett. 
Paintings and Drawings of Albert Direr. Tlustrated. Super-royal 
Byo, sewed, 3s. 6d. nett. 

Albrecht Direr. Life 
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DALE, J. M. 
The Clergyman's Legal Handbook and Charchwarden’s Guide. 
Seventh Edition, Revised and brought up to date by J. S, Ristry. 75 6d. 
DAVENPORT, CYRIL. 


Cameos. With examples in Colour and many other Illustrations. Super- 
royal 8vo, sewed, 5s. nett> ‘clothy 75. nett. % 
Royal English Bookbindings. With Coloured Plates and many ‘other 
Illustrations, Super-royal Bvo, sewed; 35. 6d. 5 cloth, 4s. 6d. 7 

DAVIES, RANDALL, FSA... 
English Society‘ of: the- Highteenth Century in Contemporary Art. 
With Four Coloutéd and many other Uipstrations, Super yoyal Bva, sewed, ss. nett; 
cloth, 7a nett, i a , - baad 

DAWSON; Rev. E. C. 


The Life of Bishop. Hannington. Crown 8v6, er boards, 2s, 6d. 3 
or with Map and etal Cierra a7 me iJ 


DE LA BERE, K. BAGHOT. | - Lo 

+ The New Poultry Guide for British Farmers and Others. Showin; 
ths one and only way of making Farm Poultry a rent-paying Madustry. 15 _ « ' 

DESTREE, O. G. . Lee : 
The Renaissance of Sculpture in Belgiuin, illustrated. Super-royal 
Evo, sewed, 25, 6d. nett; halClinen, 3 6d, nett. 4 5 

DODGSON, CAMPBELL. 2508 
The Etchings of Rembrandt, By P. G. Hamers6n, with an Annotated 
Catalogue of af the Etchings by Camrpett Doncson, With Fifty. Facsimile Repro- 
dactions of the most notable Etchings in Photogravure, ‘Only 2go copies printed, 225 for 
fale, numbered 1-225, Double crown folio (2oxrs.ins.), £5, 5% nett. 

DOLMAGE, CECIL G., M.A., D.C.L., LL,D., F.R.A.S. 
“Astronomy of To-Day. A popular account ii non-technical language. 


With Forty-st Illustrations and Diagrams. Extra ¢rown 8vo 5s. 0 


EARDLEY, WILMOT,.Rear-Admiral S. : Lon owe? 
Qur Fleet To-day and. its Development during the last Half Century. 
With many Hlustrations. Crown 8v0, 55+ : . 

ELZEVIR LIBRARY, THE. 


Selections from the choicest English Writers, Exquisitely Illustrated, 
With Frontishiece and Title-page in Colours bY H, M. Brock, and many other [Hus- 
trations. Half Lound in cloth, gilt top, 1s. 6d. nett ; fall leather, 2s. nett ; velvet leather, 
gilt edges, in a box, 3s. nett: € 


Volume I. Fancy 6 Humour of Chatlés Lamb, 
Il. Wit & Imagination of Benjamin Disraeli. 
» IIL Vignettes from Oliver Goldsmith. 

» IV. Wit & Sagacity of Dr. Johnson. 

»  V. Insight and Imagination of Johs Ruskin. 

» VI. Vignettes of London Life from Dickens. 
[an 7: 
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* Seeley: & Co Limited 
. EVENTS OF OUR OWN TIMES 


F Crown 8vo, With Illustrations, ss, each. 

The War in the Crimea, By General Sir E, HaMiny, K.C.B. With 
Copper Plates and other Iilustrations. ‘ss. z. 

The Indian Mutiny. By Colonel Matiason, C.S.I. With Coppel 
Plates and other IItustrations. 58. , 


‘The Afghan Wai 8: id 18 . By A Fors 
With Portaits and Plase? iia BOE 18/30) Dy ARCHIBALO  FORSES 


Our Fleet To-Day and its ent during the last Half Century. 
By Rear-Admiral S. Eaxpiay Witmot. With many Illustrations. 55, ' 
The Refounding of the German Empire. By Colonel MauLuson, C.S.I. 
With Portraj ‘ans. 53. : 


The Liberation of Italy. By the Countess MARTINENGO CESARESCO, 
Witt Portraits on Copper. 5% : 
Great Britain- in’ Modern .Africa. By EpGan SANDERSON, M.A. 
+ Wid) Portraits and& Map. ss |, A 
Tre ‘War in the Peninsula. By A. Inns SHAND. With Portraits and 
ans, gs. € ‘ a 
7 * .@ 





FERRAR, NICHOLAS. 


The Story Books of Little Gidding : Being the Religious Dialogues 
recited in the Great Room at Little Gidding Hall, 1631-2. From the Original Manuscript 
of Nicworas Ferrax, With an Introduction by EE Cruwys SHARLAND, and several 
Mlustrations. Crown By0, 6s. . 


FLETCHER, W. Y. : 
Bookbinding in England and France. Seventeen Coloured Plates and 
many other Illustrations. Super-royal 8yo, 7s. 6d, nett. 

.» Bookbinding in France. Coloured: Plates, Super-royal; sewed, 2s. 6d. 
nete 5 half-linen, 3s. 6d. neet. i 

FORBES, ARCHIBALD. , 

The Afghan Wars of 1839-1842 and 1878-1880, With Four Portraits 
on Copper, and Maps and Plans. Crown 8vo,"3s. 

ENIUS, LEO. 4 

ne Childhood of Man. A Popufar Account of the Lives and Thoughts 
of Primitive Races. Translated by Prof. A. H. Keanz, LL.D. With 4x6 Illustrations, 
Demy 8vo, 16s. nett. 

FRY, ROGER. n 
Discourses Delivered to the Students of the Royal Academy by Sit 
Joshua Reynolds. With an Introduction and Notes by Roce Fay. With Thirty-three 
Minstrations. Square Crown vo, 7s. 6d. nett, 

GARDNER, J. STARKIE? . 

Armour in England, With Eight Coloured Plates and many other 
Iltustrations. Super-royal 8vo, sewed, 3s. 6d. nett. 

Foreign Armour in land. With Eight Coloured Plates and many 
other Illustrations. Super-royal 6vo, sewed, 3s. 6d. nett. 

Armour in England. With Sixteen Coloured Plates and many other 
THustrations. The two parts in one volume. Super-royat Bvo, cloth, gilt top, gs. nett. 

GARNETT, R., LL.D. 

Richmond on Thames. Illustrated. Super-royat O*., sewed, 38, 6d. nett, 
k 
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Seeley. & €o Limited’. 
GIBERNE, AGNES. ; : 
Beside the Waters of Comfort. Crown 8vo, 3s, 6d. 


GIBSON, CHARLES-R.,, A.LE.E. ~ : ; 
Electricity of To-Day. Its Works and Mysteries described in non- 
technica] language. With 30 IJustrations. Extra crown 8vo, 58. nett. | A : 
;,“One of the best examples of populaf-sclentific exposition we remember 
» seeltig.”— The Tribune. ° 


Scientific Ideas of To-day. A Pofular Account in non-technical lan- 
¢ of the Nature of Matter, Electricity, Light, Heat, &€., é*c. With 95 Hlustrations. 


xtra Crown Bvo, 5s, nett. 
GODLEY, A. D. : 
' Socrates arid Athenian Society in his Day. Crown &«a, 4s. 6d. 
‘GOLDEN RECITER,. (See Jams, Prof. CAIRNS.) : 
. GRAHAME, GEORGE. Lee : 
i ‘Claude Lorrain, Illustrated. Super-royal 8vo, 2s. 6d. nett; half-linen,, 
3s. 6d. neit, , * * 
GRINDON, LEO. i. : 7 : 
Lancashire. Brief Historical and Descriptive Notes, With) many 
‘Tlustrations. Crown 8vo, 6s, : i : 
HADOW, W.H. ; eT SAY eS 
J A Croatian Composer. Notes toward the Study of Joseph - Haydn. 
Crown 8va, 28, 6d. nett. : z ‘ 
Studies in Modern Music. First Series. Berlioz, Schumann, Wagner. 
With an Essay on Music and Musical Criticism. With Five Portraits. Crown 8vo, 78 6de 
Studies in Modern Music. Second Series. Chopin, Dvordk, Brahms, 
With an Essay on Musical Form, With Four Portraits, Crown 8vo, 73. 6d. a 
HAMERTON, Mrs, 
Philip Gilbert Hamerten. Autobiography (1834-1858), and Memoir by 
his Wife (1858-1894), With a Portrait. Demy 8vo. 163, : 
. HAMERTON, P. G.. : ¥ . @ jee t 
Chapters on Animals. With 20 etchings by Boomer and VeTRESir. 
Post 8vo, cloth, 12s. 6d. A : ” 
The Etchings of Rembrandt, and. Dutch Etchers of the Seventeenth 


Century. By P.G, Hamertox and Laurence Binyon, With Eight Copper Plates 
and many other Illustrations. Super-royal 8vo, 7s. 6d. nett. . 


The Etchings of Rembrandt, with an Annotated Catalogue of all the 
Etchings by Camrpgit Dopcson. With Fifty Facsimile Repreductions of the most 
notable Etchings in Photogravure. Double crown folio (20X15 ins.), £5, §& nett. 
Imagination in Landscape Painting, With many Illustrations. Cr. 8v0, 5s, 
Modern Frenchmen. Five Biographies — Victor Jacquemont, Henri 
Perreyve, Frangois Rude, Jean Jacques Ampére, Henri Regnault. Crown 8vo, 7s. 6d. 
The Mount. Narrative of a Visit to the Site of a Gaulish City on Mount 
Beuvray. With a Description of the neighbouring City of Autun. Crown 8vo, 3s. 6d, 
Round my House. Notes on Rural Life in Peace and War. Crown 8vo, 
with Illustrations, as. 6d. nett. Cheaper edition, 2s. nett, 
Paris. Illustrated. New edition, Cloth, 2s, nett ; leather, 38. nett; in 
Special! leather, fF silt, in box, 5s. nett. 2 
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Seeley & Co Limited 


HAMLEY, Gen. Sir E. 
The War in the ‘Crimea. With Copper Plates and other Illustrations 


Crown 8va, 58. 
Cheap Edition, paper cover. Demy 8vo, 6d. nett 
HARTLEY, C. GASQUOINE. 
Pictures in the Tate Gallery. With Twenty.Reproductions. Demy 4to 
ras. 6d. nett. 
eAlso an Edition de Luxe on Dutch Hand-made Paper, limited to 100 numbered copies 
Only a few copies left. Price ass. nett. 
HEATON, Mrs. C. 
Life of Albert Diirer. With Sixteen Illustrations, 8vo, 10s. 6d, 


HERBERT, GEORGE. 


The Temple. Sacred Poems and Ejaculations. The Text reprinted from 

the First Edition. With Seventy-six Illustrations after ALezrt DGxer, Hovsetn, and 

ote Masters. Crown Bvo, cloth, as. nett ; leather, 3s. ; and in special yapp leather in 
K) 56 HOt. 


HOLLAND, CLIVE. 
Things Seen in Japan. With Fifty beautiful illustrations of Japanese 
» in 


Ufe in Town and Country, Small gto, cloth, zs. nett; leather, 3s. nett; in 
velvet leather, ss. nett, 


Things Seen in Egypt. With Fifty Illustrations, Small 4to, cloth, 2s. 


nm ‘elvet leather, in a box, 53. nett. 
HOW ‘ 
k reat War between Rome and Carthage. 2s, 
HUSON, T. 


Round about Helvellyn. Twenty-four Plates in Etching and Aquatint. 
Imperial 4to, ats, nett, Large paper copies (se only), £2, 125. 6d, nett, 

Round about Snowdon, Thirty Plates in Etching and Aquatint. With 
Notes by J. J. Hissny. Imperial 8vo, ats. nett. 


HUTCHINSON, Rev. H. N. 


The Story of the Hills. A Popular Account of Mountains and How 
‘They were Made. With many Illustrations. Crown 8vo, 5s. 


HOTTCN, C. A. 


Greek Terracotta Statuettes. With a Preface by A. S. Murray, LL.D. 


‘With Seventeen Examples printed in Colour and Thirty-six printed in Monochrome, 5s 
nett; or cloth, 7s. nett. 


JAMES, CAIRNS, 


The Golden Reciter, With an Introduction by Catans JAmEs, Professor 

of Elocution at the Royal Academy of Music, &c. With Selections from Rudyar¢ 

Kipling, Taomas Hardy, R- 1. ®tevenson, Seton Merriman, H. G, Wells, Christins 

Rossetti, Anthony Hope, Austin Dobson, Maurice Hewlett, Conan Doyle, &c. &e 

Extra crown 8vo, 704 pp. Cloth, 3s. 6d., and thin paper edition in cloth with gilt edges, ss 

c oe more admirable book of its kind could not well be desired.” —Liverpes 
Ou TIET. 


The Golden Humorons Reciter. Edited, and with a Practical Intro 
duction, by Carens James, Professor of Elocution at the Royal College of Music anc 
the Guildhall School of Music. A volume of Recitations and Readings stlected fron 
¢ writings of F. Anstey, J. M, Barrie, S. R. Crockett, Jerome K. Jerome, Barry Pain 
. W, Pinero, Owen Seaman, G. B. Shaw, dc. &’c. Extra crop Svo, over 7oo pages 
Goth, ys. 6d. ; also a thin paper edition, with gilt edges, 5s, 
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JOY, BEDFORD. 
A Synopsis of Roman History. Crown 8vo, 2s. 


KEANE, Prof. A. H. (See FROBENIUS). 


KERR, RICHARD. 
Wireless Telegraphy. Popularly Explained. With Preface by Six W. H. 
Preece, K.C.B., F.R.S., and many Illustrations. Sixth Edition, Revised. Feap. 8vo, 
sewed, 1s, ; cloth, 18. 6d. : 
LANG, ANDREW. 
Oxford. New Edition. With 50 Illustrations by J. H. Lorimer, R.S.A., 


T. Hamiton Crawronn, R.S.W., J. PENNELL, A. Brunet-Depatnes, A. TOUSSAINT, 
and R. Kent Tuomas. Extra crown 8vo, 6s. Also Pocket Edition, as nett; leather,” 


3s nett. Special yapp leather, full gilt, in box, 5s, nett. sea 
LEE, SIDNEY. < 
Stratford-on-Avon. From the Earliest Times to the Death of Shakespeare. 


New revised edition, with additional Illustrations. Extra crown 8vo, 6s. rocket 
Edition, os. nett; leather, 3s. nett; and in special yapp leather, full gilt, in box, gs. nett. 
LEFROY, W. CHAMBERS. 
» The Ruined Abbeys of Yorkshire. With many Illustrations by A. 


Bruner-Depargs and H. Toussaint. Crown 8vo, cloth, 2s. nett; leather, 3s. nett and 
5m nett. 


LEGROS, ALPHONSE. 
Six Eéchings by Alphonse Legros. With a Biographical Note. Im- 
perial 4to, 6s. nett. 

LEYLAND, JOHN. 


The Peak of Derbyshire. With Map, Etchings, and other Illustrations 
by Hervert Rattton and Atrrep Dawson. Crown 8v0, 7s. 6d. And New Edition, 
Crown 8vo, cloth, 28.; leather, 3s.; velvet leather, in a box, 5s. nett, 


The Yorkshire Coast and the Cleveland Hills and Dales, With 
Etchings and other Illustrations. Crown 8vo, 7s. 6d. 

LOFTIE, Rev. W. J. 2 
The [ans of Court and Chancery. With many Illustrations, chiefly by 


Hervgrt Raitton. Crown 8vo, cloth, 2s nett; leather, 3s. nett and gs. ne! 


Westminster Abbey. With Seventy-four Illustrations, chiefly by HERBERT Ps 


Ratton. Large crown 8vo, 7s. 6d. 
Whitehall. With many IHustrations. Super-royal 8vo, sewed, 25. 6d, nett ; 
half-linen, 3s. 6d. nett, 

MACKENZIE, Rev. W. B. be 
Married Life and the Dwellings of the Righteous. 3s. 6d.;. white 
sitk, 78. 6d. z « 

MALLESON, Colonel G. B., C.S.1. 
The Indian Mutiny. With Copper Plates and other Illustrations. 


Crown 8v0, ss. 
The Refounding of the German Empire. With Portrait and Plans. 
Crown 8¥0, 5s. 
McCARTHY, JUSTIN. 
Charing Croe# to St.‘ Paul’s. Iliustrated by J. PENNELL, Crown 8vo, 6s. 
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“MINIATURE LIBRARY OF DEVOTION 


Little Volumes: of Short Extracts from the Christian #athets, Witli Decorativ 
‘Title-page and Photogravure Frontispiece. 32mo, cloth extra, each 1: 

_ Nett; leather, each 1s. 6d. nett. Also Three Volumes in leather in cas 
4s.. 6d. riett. Also bound in white vellum with gilt edges, each volume in 


box, 2s. 6d. ih 
1. Saint A . 4 Bish > Andrewes. eG Canon Liddon. 
2 Paes eee & jonn ble. Fénelon. 

aint "Chrysostom, a Kempis. 9 Williaa Law. 





MINIATURE PORTFOLIO MONO- 
GRAPHS ° 


A New Edition in 16mo. Most of the Volumes haye been carefully revise: 
by the Authors. Each Volume profusely Mlustrated. Cloth, es. nett; leather, 3s 
nett; velvet leather, in box, ss. nett. 

Peter Paul Rubens. By R. A. M. Srgvenson.: : 
japanese Wood Engravings. By Professor W. ANDERSON, 
josiah Wedgwood. By A. H. Cuurch, F.R.S., Professor of Chemistry 
‘oyal Academy of Arts. New & Revised Edition. 
D: Cu Rossetti. By F. G. SterHsns, One of the Seven Members of th 
‘Raphaelite Brotherhood. 
The ly Work of Raphael. By Jucta.CARTWRIGHT (Ma, Ady). 
rah womes in Painting and Poetry. By Wittiam Suarp (Fion: 
le 
Antoine Watteau. By CLaupg PHILLirs, ‘Keeper of a Wallac 
Collection, 
Raphael in Rome., By JuL1a CARTWRIGHT (Mus, Ady). 
‘The New Forest. By C. J. Cornisa, Author of “ Life of the Zoo,” & 
Gainsborough. By Sir WALTER ARMSTRONG, Keeper of the Nationa 
Gallery of Ireland. 
MITFORD, MARY RUSSELL. 
Country Stories, With 68 Illustrations by GkorGkE Morrow. Crow 
BB Detect wile top, 2s. nett ; also in leather, 3s. nett; and in special yapp leather, full gil 
in box, gs. 1 


*MONKHOUSE, W. COSMO.. 

The Earlier English NY ates-Covone Painters, With many Illustrations 
Crown bv, 6s, 

MORIARTY, G. P. . 
Dean Swift. His Life and aaa Cheaper Ekian, with Two.Portrait 
on Copper. 38, 6d. 

MOULE, Archdeacon A. E. *= 
New China and Old. Notes on the Country and Peopte matie durin 


a Residence-of Thirty Years. With Thirty Illustrations. New Edition, Revise 
‘Crown By0, 55. 


MOULE, Right Rev. H. c. G, D.D. (Bishop of Durham). wea 


The Sacred Seasons. Readings for the Sundays and Holy Days of th 
Christian Year, With text printed in red and black throughout, and illuminatéd wit 
specially drawn. initial letters ands other omaments, and with twelve illuminated page 

rinted in three colours and gold after Hlamingtions in mangscripts at the Britis 
Kicseum.” Extra crown Evo, 6s. nett ; also white eloth, in box, 75 
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Seeley & Co Limited ; 


ULE, Right Rev. H.C. G., D.D.—Continued. 
At the Holy Communion. ‘Helps for Preparation and Reception.” Cloth, 
zs, ; leather, 2s, nett; calf, 4s. 6d. - ‘ 

Christ’s Witness to the Lifeto Come. Crown 8vo0, 386d. 
Cross and the Spirit, The. Studies in the Epistle to the Galatians, 
Foolscap 8¥0, 18. 64. , : 2 
Grace gad Godliness. Studies in the Epistle to the Ephesians. (Crown 
Bvo, 25, 6d. - ze : - 

In the House of the Pilgrimage. Hymns and Sacred Songs, 2s. 6d. « 
Imitation’ and Translations, Crown Bvo, 2s. 6d. nett. 

esus and the Resurrection. Expository Studies on St. John xx. and xxi. 

hird Edition, as. 6d. : 

Lotd’s Supper, The, By Bishop Ripiey, Edited with Notes and a 
Life by the Bisuor o Dunnam. Crown 6¥0, 5 

Our Prayer Book. “Short Chapters on the Book of Common Prayer. 
16m0, 1. > leather, 25. nett. 4 

Pledges of His Love, The. Thoughts on the Holy Communion. 16mo, 
15, 5 leather, #5. nett. 

Prayers for the Home. A Month’s ‘Cycle of Morning and Evening 
Family Worship, with some Occasional Prayers. Crown 8vo, 3% 6d. 

Prayers and Promises. Messages from the Holy Scriptures. 16mo, Is. 
featten gs. nett Pe 4. Ode see ‘ y P 
The Secret of the Presence, and ottier Sermons. Crown 8vo, 38, 6d. 
‘Temptation and Escape. Short Chapters for Beginners in the Christian 
Life, x6mo, x8. ; leather, 25, nett. * 
Thoughts on Christian Sanctity. 16mo, cloth, 1s.; leather, 2s. nett. 
Thoughts on Secret Prayer. 16mo, cloth, 18.; leather, 2s, nett; calf, 45. 6d. 
Thoughts on the Spiritual Life. 16mo, cloth, ts. 5 leather, 2a, nett. 
Thoughts on Union with Christ. 16mo, cloth, 1s.; leather, 2s. nett. 


'> MURRAY, A. S., LL.D. 


' 


}NE 


Greek Bronzes, With Four Copper Plates and many other Illustrations. 

Super-royal 8vo, sewed, 38, 6d. nett; cloth, 4s 6d. nett. 

Greek Bronzes, by Dr. Murray, and Greek Terracotta Statuettes, by 

GA. Hurron, With Four Photogravures, Eight Coloured Plates, and Seyensucoven 

other IMustrations. + In one Volume. ‘Super-royal 8vo, cloth, ros. 6d. nett. 7 
TTLESHIP, J. T. ies . : 

Morland, George. With Six Gopper Plates and Thirty other Ulustrations,. 

Super-royal 8v0, sewed, gs. nett; cloth, 6s. nett. 


(PAGE, J. Li. WARDEN. 
Dartmoor, 


¥PALMER, SAMUEL. 
The Ec 


' PENNELL, J. and E. 


3 ,, An Exploration of. With Map, Kichings, and other Illus- 
trations, ‘Third Edition, Cheap Edition, 3s. 6d. 
Exmoor, An Exploration of. With “Maps, Etchings, and other Mlus- 
tations. ‘Third Edition. . Crown 8v0, 78. 6, Cheap Edition, 3s. 6d. 


Virgil, An English Version, With Fourteen Copper 
Plates by the ues of Yel ao, cae 7 nar PPS 
The Minor Poems of Joho Milton. With Twelve ‘Copper Plates after 
Samus. PALMER. Smperial sto, 21% 


* a pucrimage, Pott ato, cloth, gilt edges, 98.-6d. 
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Seeley & Co Limited 
PHILLIPS, CLAUDE. : 
The Earlier Work of Titian. With many Illustrations. Super-royal 8vo 


sewed, 3s. 6d. nett ; cloth, 4s, 6d. nett. " 

The Later Work of Titian. With many Illustrations. Super-royal 8vo 
sowed, 3s. Gd. nett; cloth, 4s, 6d. nett, ; 7 . 
Titian, a Study of his Life and Work. With Eight Copper Plates an¢ 
many other Ilustrations. Super-royal 8vo, 9s, nett. : 
The Picture Gallery of Charles 1. With many Illustrations. Super. 
royal 8vo, sewed, 3s, 6d. nett; cloth, 4s. 6d. nett. .f 

Frederick Walker. Sup.-roy.8vo,sewed, 2s. 6d. nett ; half-linen, 3s. 6d, nett 
Antoine Watteau. Sup.-roy. 8vo, sewed, 2s.6d. nett; half-linen, 3s. 6d. nett; 
also small gto, cloth, as. nett; and 3s, and ss, nett in leather. 


POLLARD, A. W. 


Italian Book Ulustrations, Super-royal 8vo, sewed, 2s, 6d, nett ; half-linen, 
4s. 6d, nett, 

PRATT, A, E. 7 i 
Two Years among New Guinea Cannibals. A Naturalist’s sojourn 
among the aborigines of unexplored New Guinea. With Notes and Observations by hit 
son, Henry Prat, and Appendices on the Scientific Results of the Expedition. . Second 
edition. With 54 Ilustrations and a Map. Demy 8vo, 16s, nett. s9 


PORTFOLIO MONOGRAPHS ON : 


ARTISTIC SUBJECTS © = 
“A triumph of magnificent illustration and masterly editing.”—7He Tigus. 
NEW VOLUME, JUST PUBLISHED. 


ENGLISH SOCIETY OF THE EIGHTEENTH 


CENTURY IN CONTEMPORARY ART 
By RANDALL DAVIES, F.S.A. 
With many Illustrations, some in colours, Super-royal 8vo, 5s, nett, and‘in cloth, 7s. nett. 
Many of the Volumes are issued in two forms and at various nett prices. Where two prices art 


given, the first is that of the paper cover edition; the second that of the cloth. When onl; 
one price is given, the Volume is bound in paper only. 


ANDERSON, Prof. W. 
lapanese Wood Engravings, 2s, 6d. and 3s, 6d. 
ARwi>TRONG, Sir WALTER. 
e The Art of Velazquez, 3s. 6d. 
The Life of Velazquez. - 3s. 6d. 
The Peel Collection and the Dutch School of Painting. 5s. and 7s. 
Thomas Gainsborough. Half-linen, 3s. 6d. 7 
W. Q. Orchardson. 2s. 6d. and 3s, 6d. 
BEDFORD, W. K. R. 
Malta. 2s. 6d. and 3s. 6d. * 
BENHAM, Canon, and CHARLES WELCH, F.S.A. 
Medieval London. 5s. and 7s. 
The Tower of London. 5s. and 7s. 
BENHAM, Canon. 
Old St. Paul's Cathedral. 5s. and 7s. 
» BINYON, LAURENCE. 
Dutch Etchers of XVI Ith Century. 2s, 6d, and 38, 6d. 
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BIRCH, G. H., F.S.A. 
London on Thames, 5s. and 7s. 
CARTWRIGHT, JULIA (Mrs. ADY). 
ales Bastien page. 2s, 6d. and 3s. 6d. 
_ Early Work Raphael. 2s. 6d, and 3s. 6d. 
Fepreel in ® a fone. 2s. 6d. and 3s. 6d, 
CHURCH RS. 


Josiah Weds .  §s. and 7s, i os 
CORNISH, C. 
The Isle of Wight, 2s, 6d. and 3s, 6d. 
The New Forest. 2s, 6d, and 3s. 6d. 
CUST, LIONEL, F.S.A. 
The Engravings of Albert Diirer. 2s. 6d. and 3s. 6& 
The Paintings and Drawings of Albert Diirer® 3s. 6d, 
© DAVENPORT, CYRIL, F.S.A. 
: Royal English Bookbindings. 3s 6d. and qs, 6d. 
‘: Cameos, 5s. and 7s, 
IPVIES, RANDALL, F.S.A. 
English Society of "the Eighteenth Century in Contemporary A 
ESTREE, 0. G. 
= The Renaissance of Sculpture in Belgium, 2s. 6d. and;3s. 6d, 
ETCHER, W. Y. 
é Bookbinding i in France. 2s. 6d. and 3s. 6d, 
"GARDNER, J.. STARKIE. 
Armour in England. 3s. 6d. 
Foreign Armour in England. 3s. 6d. 
GARNETT, RICHARD, C.B., LL.D. 
Richmond on Thames, 3s. 6d. and 4s. 6d, 
GRAHAME, GEORGE. 
b. Claude Lorrain. 2s, 6d. and 3s. 6d. 
 P. 
‘-HAMERTON G. 
~ The Etchings of Rembrandt. 2s. 6d. and 3s. 6d. 
UTTON, C, A. 
Greek Terracotta Statuettes. 3s. 6d. and 4s. 6d. aT 
OFTIE, W. J. 
Whitehall. 2s, 6d. and 3s. 6d, 
MURRAY, A. S., LL.D, 
Greek ronzes, x 6d. and 4s. 6d. 
NETTLESHIP, J. 
George Moria, §s. and 6s, ~ 
PHILLIPS, CLAUDE. a 
» Frederick Walker. 2s. 6d. and 3s. 6d, 
» -Antoine Wattean. 23. 6d. and 3s. 6d. 
The Picture Gallery of Charles I. 4s, 6d, 
¢. The Earlier Work of Titian. 3s. 6d. 
= The Later Work of Titian. 4s, 6d. 
OLLARD, ALFRED W. 
Halian Book Illustrations. 2s. 6d. and 3s, 6d. 
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SHARP, WILLIAM. 
Fair Women, 2s, 6d. and 3s. 6d. 
STEPHENS, F. G. 
Dante Gabriel Rossetti. 2s. 6d. 
STEVENSON, R. A. M. 
Peter Paul Rubens. 3s. 6d. 
WAERN, CECILIA. 
Jonn La Farge. 3s. 6d. 
WEALE, W. H. JAMES. 
Gerard David, Painter and Hiuminator. 2s, 6d. and 3s, 64, 





PRIOR, E. S., F.S.A. 
The Cathe¢ral Builders of England. Illustrated. Super-royal 8vo, 
sewed, 5s. nett; lath extra gilt top, 7s, nett. a 

QUILLER COUCH, A. T. ~ = 
The Pilgrims’ Way. A Little Scrip for Travellers. In Prose and 
‘Verse. With end papers in colour, and gilt top. Feap. 8vo, cloth, 35. 6d. nett; on thi. -’ 

er, leather, 5s. nett. i 

REYNOLDS, ‘Sir JOSHUA. 

Discourses Delivered to the Students of the Royal Aeadsty: With ¢ 
Pofrodsction and Notes by Rocer Fry, With Thirty-Three Illustrations. Square Ex 
Grown 8vo, 78. 6d. nett. 

RIDLEY, Bishop. 

Ree Myth but Miracle. A Poem, 1s. 6d. 
Laan Favourite Avenues. Poems. 2s. 6d. nett. 
ROP. 


Lady Aaney Wortley Montagu. With Eight Ilustrations. Crown 
8vo, cloth, 2s. 6d. nett. 

RUSSELL, W. CLARK. ‘ 
The Biiten Seas, With upwards of Fifty Illustrations. Crown 8vo, 
cloth, 2s. ; leather, 3s. ; special yapp leather in box, 5s, nett. 

SANDBY, W. 
Thomas and Paul Sandby, Royal Academicians. Their Lives an¢é - 
Works. With many Illustrations. Crown 8vo, 75. 6d. 

SANDERSON, E. 
Great Britain in Modern Africa, With Four Portraits on Copper ani. 

-rMan. Crown Byo, 55. 





SCIENCE OF TO-DAY SERIES : 


The volumes of this series give an attractive, lucid, yet at the same tin> 
scientifically accurate account of various subjects in non-technical language, 
Large crown 8vo, 5s, nett. 

Astronomy of To-Day. ByC.G. Dotmace,M.A.,LL.D., D.C.L.,F.R.AS, 
Electricity of To-Day. Bt Cartes R. Giason, A.IE.E. 
Scientific Ideas of To-Day. By CHarcves R, Greson, ALE.E. 


SEELEY’S ILLUSTRATED POCKET LIBRARY 


Crown 8vo, cloth, gilt edge, 2s, nett; also in leather, 3s. nett; and 
yapp leather in box at ss, 
ADDISON and STEELE. 


The Spectator in London. With Fifty-six Mlustrations by Rap 
iS waews and Haelcssces ie WA. Dees Bewek Copcen fee, 


